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INTRODUCTION 

Intel microprocessors and peripherals provide a complete 
solution in increasingly complex application environ- 
ments. Quite often, a single peripheral device will replace 
anywhere from 20 to 100 TTL devices (and the associated 
design time that goes with them). 

Built-in functions and a standard Intel microprocessor/ 
peripheral interface deliver very real time and perfor- 
mance advantages to the designer of microprocessor- 
based systems. 

REDUCED TIME TO MARKET 

When you can purchase an off-the-shelf solution that 
replaces a number of discrete devices, you’re also re- 
placing all the design, testing, and debug time that goes 
with them. 

INCREASED RELIABILITY 

At Intel, the rate of failure for devices is carefully tracked. 
Highest reliability is a tangible goal that translates to 
higher reliability for your product, reduced downtime, 
and reduced repair costs. And as more and more 
functions are integrated on a single VLSI device, the 
resulting system requires less power, produces less heat, 
and requires fewer mechanical connections — again result- 
ing in greater system reliability. 

LOWER PRODUCT COST 

By minimizing design time, increasing reliability, and 


replacing numerous parts, microprocessor and peripheral 
solutions can contribute dramatically to lower product 
costs. 

HIGHER SYSTEM PERFORMANCE 

Intel microprocessors and peripherals provide the highest 
system performance for the demands of today’s (and 
tomorrow’s) microprocessor-based applications. For 
example, the iAPX 286 CPU, with its on-chip memory 
management and protection, offers the highest per- 
formance for multitasking, multiuser systems. 


HOW TO USE THE GUIDE 

The following application guide illustrates the range of 
microprocessors and peripherals that can be used for the 
applications in the vertical column on the left. The 
peripherals are grouped by the 1/ O function they control: 
CRT, datacommunication, universal (user program- 
mable), mass storage dynamic RAM controllers, and 
CPU/ bus support. 

An “X”in a horizontal application row indicates a poten- 
tial peripheral or CPU, depending upon the features 
desired. For example, a conversational terminal could 
use either of the three display controllers, depending 
upon features like the number of characters per row or 
font capability. A “Y” indicates a likely candidate, for 
example, the 8272A Floppy Disk Controller in a small 
business computer. 


The Intel microprocessor and peripherals family provides 


a broad range of time-saving, high performance solutions. 
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POTENTIAL CANDIDATE X— TYPICAL CANDIDATE Y (CONTINUED) 


^PROCESSOR DISPLAY 


DATACOMM 


UPI DISKS DRAM CONTROL SUPPORT 


APPLICATION 


TERMINALS 
Conversational 
Graphics CRT 
Editing 
Intelligent 
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Printing, Laser, Impact 
Portable 
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8080A/8080A-1 /8080A-2 
8-BIT N-CHANNEL MICROPROCESSOR 


■ TTL Drive Capability 

■ 2 /us ( - 1:1.3 ms, - 2:1.5 ns) Instruction 
Cycle 

■ Powerful Problem Solving Instruction 
Set 

■ 6 General Purpose Registers and an 
Accumulator 

■ 16-Bit Program Counter for Directly 
Addressing up to 64K Bytes of 
Memory 


■ 16-Bit Stack Pointer and Stack 
Manipulation Instructions for Rapid 
Switching of the Program Environment 

■ Decimal, Binary, and Double Precision 
Arithmetic 

■ Ability to Provide Priority Vectored 
interrupts 

■ 512 Directly Addressed I/O Ports 

■ Available in EXPRESS 

- Standard Temperature Range 


The Intel® 8080A is a complete 8-bit parallel central processing unit (CPU). It is fabricated on a single LSI chip using 
Intel’s n-channel silicon gate MOS process. This offers the user a high performance solution to control and processing 
applications. 


The 8080A contains 6 8-bit general purpose working registers and an accumulator. The 6 general purpose registers may be 
addressed individually or in pairs providing both single and double precision operators. Arithmetic and logical instructions 
set or reset 4 testable flags. A fifth flag provides decimal arithmetic operation. 


The 8080A has an external stack feature wherein any portion of memory may be used as a last in/first out stack to 
store/retrieve the contents of the accumulator, flags, program counter, and all of the 6 general purpose registers. The 1 6-bit 
stack pointer controls the addressing.of this external stack. This stack gives the 8080A the ability to easily handle multiple 
level priority interrupts by rapidly storing and restoring processor status. It also provides almost unlimited subroutine 
nesting. 


This microprocessor has been designed to simplify systems design. Separate 16-line address and 8-line bidirectional data 
busses are used to facilitate easy interface to memory and I/O. Signals to control the interface to memory and I/O are 
provided directly by the 8080A. Ultimate control of the address and data busses resides with the HOLD signal. It provides 
the ability to suspend processor operation and force the address and data busses into a high impedance state. This permits 
OR-tying these busses with other controlling devices for (DMA) direct memory access or multi-processor operation. 


NOTE: 

The 8080A is functionally and electrically compatible with the Intel® 8080. 


BIDIRECTIONAL 
DATA BUS 




Figure 2. Pin Configuration 
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8080A/8080A-1 /8080A-2 
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Table 1. Pin Description 


Symbol 

Type 

Name and Function 

> 

> 

o 

0 

Address Bus: The address bus provides the address to memory (up to 64K 8-bit words) or denotes the I/O 
device number for up to 256 input and 256 output devices Aq is the least significant address bit. 

D 7 -D 0 

I/O 

Data Bus: The data bus provides bi-directional communication betweeen the CPU, memory, and I/O 
devices for instructions and data transfers. Also, during the first clock cycle of each machine cycle, the 
8080A outputs a status word on the data bus that describes the current machine cycle. D 0 is the least 
significant bit. 

SYNC 

0 

Synchronizing Signal: The SYNC pin provides a signal to indicate the beginning of each machine cycle 

DBIN 

0 

Data Bus In: The DBIN signal indicates to external circuits that the data bus is in the input mode. This 
signal should be used to enable the gating of data onto the 8080A data bus from memory or I/O 

READY 

r 

Ready : The READY signal indicates to the 8080A that valid memory or input data is available on the 8080A 
data bus This signal is used to synchronize the CPU with slower memory or I/O devices If after sending 
an address out the 8080A does not receive a READY input, the 8080Awill enter a WAITstate for as long as 
the READY line is low. READY can also be used to single step the CPU. 

WAIT 

0 

Wait: The WAIT signal acknowledges that the CPU is in a WAIT state. 

WR 

0 

Write: The WR signal is used for memory WRITE or I/O output control. The data on the data bus is sjable 
while the WR signal is active low (WR = 0). 

HOLD 

, 1 

Hold: The HOLD signal requests the CPU to enter the HOLD state. The HOLD state allows an external 
device to gain control of the 8080A address and data bus as soon as the 8080A has completed its use of 
these busses for the current machine cycle. It is recognized under the following conditions: 

• the CPU is in the HALT state. 

• the CPU is in the T2 or TW state and the READY signal is active. As a result of entering the HOLD state 
' the CPU ADDRESS BUS (A-| 5 -Aq) and DATA BUS (D7-D0) will be in their high impedance state. The CPU 

acknowledges its state with the HOLD ACKNOWLEDGE (HLDA) pin 

HLDA 

0 

Hold Acknowledge: The HLDA signal appears in response to the HOLD signal and indicates that the data 
and address bus will go to the high impedance state. The HLDA signal begins at 1 

• T3 for READ memory or input. , 

• The Clock Period following T3 for WRITE* memory or OUTPUT operation. 

In either case, the HLDA signal appears after the rising edge of <f > 2 

INTE 

0 

Interrupt Enable: Indicates the content of the internal interrupt enable flip/flop This flip/flop may be set 
or reset by the Enable and Disable Interrupt instructions and inhibits interrupts from being accepted by 
the CPU when it is reset It is automatically reset (disabling further interrupts) at time T 1 of the instruction 
fetch cycle (Ml) when an interrupt is accepted and is also reset by the RESET signal. 

INT 

1 

Interrupt Request: The CPU recognizes an interrupt request on this line at the end of the current 
instruction or while halted If the CPU is in the HOLD state or if the Interrupt Enable flip/flop is reset it will 
not honor the request 

RESET 1 

1 

Reset: While the RESET signal is activated, the content of the program counter is cleared. After RESET, 
the program will start at location 0 in memory. The INTE and HLDA flip/flops are also reset. Note that the 
flags, accumulator, stack pointer, and registers are not cleared. 

V SS 


Ground: Reference 

V DD 


Power: +12 ±5% Volts 

V CC 


Power: +5 ±5% Volts. 

V BB 


Power: -5 ±5% Volts. 

4l> </>2 


Clock Phases: 2 externally supplied clock phases, (non TTL compatible) 
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ABSOLUTE MAXIMUM RATINGS* 


Temperature Under Bias 0°C to +70° C 

Storage Temperature -65° C to +150°C 

All Input or Output Voltages 

With Respect to Vbb -0.3V to +20V 

Vcc, Vqd ar, d ^ss With Respect to Vbb -0.3V to +20V 
Power Dissipation 1.5W 


*NOTICE: Stresses above those listed under ‘‘Absolute 
Maximum Ratings” may cause permanent damage to the 
device. This is a stress rating only and functional opera- 
tion of the device at these or any other conditions above 
those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maxi- 
mum rating conditions for extended periods may affect 
device reliability. 


D.C. CHARACTERISTICS 0a = o°c to 70°c, v DD = +12V ±5%, 


Vcc = +5V ±5%, Vbb = -5V ±5%, Vss =0V; unless otherwise noted) 


Symbol 

Parameter 

Min. 

Typ. 

Max. 

Unit 

Test Condition 

V ILC 

Clock Input Low Voltage 

Vss-1 


Vss+0.8 

V 


V|HC 

Clock Input High Voltage 

9.0 


Vdd + 1 

V 


V|L 

Input Low Voltage 

Vss-i 


Vss+0-8 

V 


V, H 

Input High Voltage 

3.3 


v cc +i 

V 


V OL 

Output Low Voltage 



0.45 

V 

Iql = 1.9mA on all outputs. 

V OH 

Output High Voltage 

3.7' 



V 

loH=-150iuA. 

! DD (AV) 

Avg. Power Supply Current (V^p) 


40 

70 

mA 

Operation 
Tcy ~ -48 /isec 

*CC(AV) 

Avg. Power Supply Current (Vcc) 


60 

80 

mA 

■bbiav) 

Avg. Power Supply Current (Vbb) 


.01 

1 

mA 

IlL 

Input Leakage 



±10 

ma 

Vss ^ V|[\J < Vcc 

■CL 

Clock Leakage 



±10 

ma 

Vss < VcLOCK ^ V DD 

I D l I2J 

Data Bus Leakage in Input Mode 



-100 

mA 

Vss <V, N <V SS + 0.8 V 





-2.0 

mA 

V SS + 0.8V<V| N <Vcc 

*FL 

Address and Data Bus Leakage 
During HOLD 



+ 10 
-100 

pA 

VaDDR/DATA = V C C 
Vaddr/data = Vss + 0.45V 


Capacitance (t a = 25 °c, v C c = v DD =v S s = ov, v BB = -sv> 


Symbol 

Parameter 

Typ. 

Max. 

Unit 

Test Condition 

c* 

Clock Capacitance 

17 

25 

Pf 

f c = 1 MHz 

C|N 

Input Capacitance 

6 

10 

Pf 

Unmeasured Pins 

C OUT 

Output Capacitance 

10 

20 

Pf 

Returned to V§s 


NOTES: 

1 . The RESET signal must be active for a minimum of 3 clock cycles. 

2. A I supply / ATa = -0.45%/° C. 



Typical Supply Current vs. 
Temperature, Normalized * 31 
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A.C. CHARACTERISTICS (8080A) (T a = 0°C to 70°C, V DD = +12V ±5%, V C c = +5V ±5%, 

V BB = -5V ±5%, Vss =0V; unless otherwise noted) 


Symbol 

Parameter 

Min. 

Max. 

* 

Min. 

•1 

Max. 

■2 

Min. 

■2 

Max. 

Unit 

Test Condition 

toy* 3 ! 

Clock Period 

0.48 

2.0 

0.32 

2.0 

0.38 

2.0 

nsec 


tr.tf 

Clock Rise and Fall Time 

0 

50 

0 

25 

0 

50 

nsec 

*01 

01 Pulse Width 

60 


50 


60 


nsec 

*02 

02 Puise Width 

220 


145 


175 


nsec 

*D1 

Delay 0i to 02 

0 


0 


0 


nsec 

*D2 

Delay 02 to 0i 

70 


60 


70 


nsec 

*D3 

Delay 01 to 02 Leading Edges 

80 


60 


70 


nsec 

*DA 

Address Output Delay From 02 


200 


150 


175 

nsec 

= 

. C L =100 pF 
C L = 50 pF 

*DD 

Data Output Delay From 02 


220 


180 


200 

nsec 

*DC 

Signal Output Delay From|0i|or 0 2 (SYNC, WR, WAIT, HLDA) 


120 


110 


120 

nsec 

*DF 

DBIN Delay From 02 

25 

140 

25 

130 

25 

140 

nsec 

tDl' 1 ' 

Delay for Input Bus to Enter Input Mode 


*DF 


*DF 


*DF 

nsec 

C|_= 50 pF 

*DS1 

Data Setup Time During 01 and DBIN 

30 


10 


20 


nsec 

*DS2 

Data Setup Time to 02 During DBIN 

150 


120 


130 


nsec 

tDHf’l 

Data Holt time From 02 During DBIN 

[1] 


[1] 


[1] 


nsec 

*IE 

INTE Output Delay From 02 


200 


200 


200 

nsec 

*RS 

READY Setup Time During 02 

120 


90 


90 


nsec 

*HS 

HOLD Setup Time to 02 

140 


120 


120 


nsec 

*IS 

INT Setup Time During 0? 

120 . 


100 


100 


nsec 

*H 

i Hold Time From 0? (READY, INT, HOLD) 

0 


0 


0 


nsec 

*FD 

Delay tp Float During Hold:(Address and Data Bus) 

> 1 

120 


T20' 

[5] l 

120 

nsec 

*AW 

Address Stable- Prior to WR 

[5] 


[5] 




nsec 


Cl = 100 pF: Address, Data 
©L = 50 pF: WR, HLDA, DBIN 

*DW 

Output Data Stable Prior to WR 

[6] 


[6] 


[6] 


nsec 

*WD 

Output Data Stable From WR 

[7] 


[7] 


pi 


nsec 

*WA 

Address Stable From WR 

[7] 


[7] 


[7] 


nsec 

*HF 

HLDA to Float Delay 

[8] 


[8] 


[8] 


nsec 

*WF 

WR to Float Delay 

[9] 


[9] 


[9] 


nsec 

*AH 

1 Address Hold Time After DBIN During HLDA 

-20 


-20 


-20 


nsec 


A.C. TESTING LOAD CIRCUIT 


DEVICE 


TEST 

1 

T 


I 


C L = 100 pF 


C L = 100 pF 

C L INCLUDES JIG CAPACITANCE 
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WAVEFORMS 



NOTE: 

Timing measurements are made at the following reference voltages: CLOCK "1" = 8.0V, 
"0" = 1.0V; INPUTS "1" = 3.3V, "0" = 0.8V; OUTPUTS "1" = 2.0V, "0" = 0.8V. 
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WAVEFORMS (Continued) 



NOTES: (Parenthesis gives -1, -2 specifications, respectively) 

1. Data input should be enabled with DBIN status. No bus con- 
flict can then occur and data hold time is assured. 

toH ^ 50 ns or tpF. whichever is less. 

2. tcY ~ tD3 + *r 4>2 +fy2 + tf<^2 + fD2 + tr0l 26 480 ns ( - 1 :320 
ns, - 2:380 ns). 


TYPICAL A OUTPUT DELAY VS. A CAPACITANCE 



A CAPACITANCE (pf) 
^ACTUAL “ C SPEC* 


3. The followrhg are relevant when interfacing the 8080A to 
devices having Vm = 3.3V: 

a) Maximum output rise time from .8V to 3.3V = 100ns @ Cl 
= SPEC. 

b) Output delay when measured to 3.0V = SPEC +60ns @Cl 
= SPEC. 

c) If Cl = SPEC, add .6ns/pF if Cl > Cspec> subtract .3ns/pF 
(from modified delay) if Cl < Cspec* 

4. t A w = 2tcY~ tD3 “ t r< ^2 - 140 ns ( - 1 :1 10 ns, - 2:130 ns). 

5. tow = tcY ~ ^D3 “ tr$2 ~ 170 ns ( - 1:150 ns, - 2:170 ns). 

6 . If not HLDA, two — twA = to3 + t r< £2 + 10 ns. If HLDA, two 
= t W A = twF- 

7. t H F = to3 + t r ^>2 “50 ns). 

8. twF = tD3 + h<f >2 ~ 10ns. 

9. Data in must be stable for this period during DBIN T3. 
Both tost and tos2 must be satisfied. 

10. Ready signal must be stable for this period during T2 or Tw- 
(Must be externally synchronized.) 

11. Hold signal must be stable for this period during T 2 or Tw 
when entering hold mode, and during T3, T4, T 5 and Twh 
when in hold mode. (External synchronization is not re- 
quired.) 

12. Interrupt signal must be stable during this period of the last 
clock cycle of any instruction in order to be recognized on the 
following instruction. (External synchronization is not re- 
quired.) 

13. This timing diagram shows timing relationships only; jt does 
not represent any specific machine cycle. 
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INSTRUCTION SET 

The accumulator group instructions include arithmetic and 
logical operators with direct, indirect, and immediate ad- 
dressing modes. 

Move, load, and store instruction groups provide the ability 
to move either 8 or 16 bits of data between memory, the 
six working registers and the accumulator using direct, in- 
direct, and immediate addressing modes. 

The ability to branch to different portions of the program 
is provided with jump, jump conditional, and computed 
jumps. Also the ability to call to and return from sub- 
routines is provided both conditionally and unconditionally. 
The RESTART (or single byte call instruction) is useful for 
interrupt vector operation. 

Double precision operators such as stack manipulation and 
double add instructions extend both the arithmetic and 
interrupt handling capability of the 8080A. The ability to 


increment and decrement memory, the six general registers 
and the accumulator is provided as well as extended incre- 
ment and decrement instructions to operate on the register 
pairs and stack pointer. Further capability is provided by 
the ability to rotate the accumulator left or right through 
or around the carry bit. 

Input and output may be accomplished using memory ad- 
dresses as I/O ports or the directly addressed I/O provided 
for in the 8080A instruction set. 

The following special instruction group completes the 8080A 
instruction set: the NOP instruction, HALT to stop pro- 
cessor execution and the DAA instructions provide decimal 
arithmetic capability. STC allows the carry flag to be di- 
rectly set, and the CMC instruction allows it to be comple- 
mented. CM A complements the contents of the accumulator 
and XCHG exchanges the contents of two 16-bit register 
pairs directly. 


Data and Instruction Formats 

Data in the 8080A is stored in the form of 8-bit binary integers. All data transfers to the system data bus will be in the 
same format. 

~P7 06^5 D 4 ^3 ^2 Pi Pp | 

DATA WORD 

The program instructions may be one, two, or three bytes in length. Multiple byte instructions must be stored 
in successive words in program memory. The instruction formats then depend on the particular operation 
executed. 


One Byte Instructions 


TYPICAL INSTRUCTIONS 

D 7 D 5 D 4 D 3 D 2 D-j Do 

OP CODE 

Register to register, memory refer- 

Two Byte Instructions 


ence, arithmetic or logical, rotate, 
return, push, pop, enable or disable 
Interrupt instructions 

D 7 Dg D 5 D 4 D 3 D 2 D-| Do 

OP CODE 


D 7 D 6 D 5 D 4 D 3 D 2 Di Do 

| OPERAND 

Immediate mode or I/O instructions 

Three Byte Instructions 



d 7 d 6 d 5 d 4 d 3 D 2 D-| Dq 

OPCODE 

Jump, call or direct load and store 

D 7 Dg D 5 D 4 D 3 D 2 D-j Dq 

| LOWADDRESSOR OPERAND 1 

instructions 

D 7 Dg D 5 D 4 D 3 D 2 D-| Dq 

| HIGH ADDRESSOR OPERAND 2 



For the 8080A a logic "1" is defined as a high level and a logic " 0 ” is defined as a low level. 
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Table 2. Instruction Set Summary 


Mnemonic 

instruction Code [ 1 ] 

! Dy D 6 D 5 D4 D3 D2 D-j Dq 

Operations 

Description 

Clock 

Cycles 

[2] - 


Mnemonic 

Instruction Code [ 1 ] 

D7 D6 D5 D4 D3 D2 D-j Dq: 

Operations 

Description 

Clock 

Cycles 

[2] 

MOVE, LOAI 

D, AND STORE 







JPO 

1 1 

10 0 0 

1 

0 ; 

Jump on parity odd 

10 ! 

MOVr1,r2 

0 

1 

D 

D 

D 

s 

s 

s 

Move register to register 

5 


PCHL 

1 1 

10 10 

0 

1 j 

H & L to program 

5 

MOVM.r 

0 

1 

1 

1 

0 

s 

s 

s 

Move register to 








counter 











memory 

7 


CALL 







MOV r,M 

0 

1 

D 

D 

D 

1 

1 

0 

Move memory to regis- 



CALL 

1 1 

0 0 11 

0 

1 

Call unconditional 

17 










ter 

7 


CC 

1 1 

0 111 

0 

0 

Call on carry 

11/17 

MVIr 

0 

0 

D 

D 

D 

1 

1 

0 

Move immediate regis- 



CNC 

1 1 

0 10 1 

0 

0 

Call on no carry 

11/17 










ter 

7 


CZ 

1 1 

0 0 11 

0 

0 

Call on zero 

11/17 

MVI M 

0 

0 

1 

1 

0 

1 

1 

0 

Move immediate 



CNZ 

1 1 

0 0 0 1 

0 

0 

Call on no zero 

11/17 










memory 

10 


CP 

1 1 

110 1 

0 

0 

Call on positive 

11/17 

LXIB 

0 

0 

0 

0 

0 

0 

0 

1 

Load immediate register 

10 


CM 

1 1 

1111 

0 

0 

Call on minus 

11/17 










Pair B & C 



CPE 

1 1 

10 11 

0 

0 

Call on parity even 

11/17 

LXID 

0 

0 

0 

1 

0 

0 

0 

1 

Load immediate register 

10 


CPO 

1 1 

10 0 1 

0 

0 

Call on parity odd 

11/17 










Pair D & E 



RETURN 



J 




LXIH 

0 

0 

1 

0 

0 

0 

0 

1 

Load immediate register 

10 


RET 

1 1 

0 0 10 

0 

1 

Return 

10 










Pair H & L 



RC 

1 1 

0 110 

0 

0 

Return on carry 

5/11 

STAX B 

0 

0 

0 

0 

0 

0 

1 

0 

Store A indirect 

7 


RNC 

1 1 

0 10 0 

0 

0 

Return on no carry 

5/11 

STAX D 

0 

0 

0 

1 

0 

0 

1 

0 

Store A indirect 

7 


RZ 

1 1 

0 0 10 

0 

0 

Return on zero 

5/11 

LDAXB 

0 

0 

0 

0 

1 

0 

1 

0 

Load A indirect 

7 


RNZ 

1 1 

0 0 0 0 

0 

0 

Return on no zero 

5/11 

LDAXD 

0 

0 

0 

1 

1 

0 

1 

0 

Load A indirect 

7 


RP 

1 1 

110 0 

0 

0 

Return on positive 

5/11 

STA 

0 

0 

1 

1 

0 

0 

1 

0 

Store A direct 

13 


RM 

1 1 

1110 

0 

0 

Return on minus 

5/11 

LDA 

0 

0 

1 

1 

1 

0 

1 

0 

Load A direct 

13 


RPE 

1 1 

10 10 

0 

0 

Return on parity even 

5/11 

SHLD 

0 

0 

1 

0 

0 

0 

1 

0 

Store H & L direct 

16 


RPO 

1 1 

10 0 0 

0 

0 

Return on parity odd 

5/11 

LHLD 

0 

0 

1 

0 

1 

0 

1 

0 

Load H & L direct 

16 


RESTART 







XCHG 

1 

1 

1 

0 

1 

0 

1 

1 

Exchange D & E, H & L 

4 


RST 

1 1 

AAAI 

1 

1 

Restart 

11 










Registers 



INCREMEN 

TAND DECREMENT 





STACK OPS 












INRr 

0 0 

D D D 1 

0 

0 

Increment register 

5 

PUSH B 

1 

1 

0 

0 

0 

1 

0 

1 

Push register Pair B & 

11 


DCRr 

0 0 

D D D 1 

0 

1 

Decrement register 

5 










C on stack 



INR M 

0 0 

110 1 

0 

0 

Increment memory 

10 

PUSH D 

1 

,1 

0 

1 

0 

1 

0 

1 

Push register Pair D & 

11 


DCRM 

0 0 

110 1 

0 

1 

Decrement memory 

10 










E on stack 



INX B 

0 0 

0 0 0 0 

1 

1 

Increment B & C 

5 

PUSH H 

1 

1 

1 

0 

0. 

1 

0 

1 

Push register Pair H & 

11 







registers 











L on stack 



INX D 

0 0 

0 10 0 

1 

1 

Increment D & E 

5 

PUSH 

1 

1 

1 

1 

0 

1 

0 

1 

Push A and Flags 

11 







registers 


PSW 









on stack 



INX H 

0 0 

10 0 0 

1 

1 

Increment H & L 

5 

POP B 

1 

1 

0 

0 

0 

0 

0 

1 

Pop register Pair B & 

10 







registers 











C off stack 



DCX B 

0 0 

0 0 10 

1 

1 

Decrement B & C 

5 

POP D 

1 

1 

0 

1 

0 

0 

0 

1 

Pop register Pair D & 

10 


DCX D 

0 0 

0 110 

1 

1 

Decrement D & E 

5 










E off stack 



DCX H 

0 0 

10 10 

1 

1 

Decrement H & L 

5 

POPH 

1 

1 

1 

0 

0 

0 

0 

1 

Pop register Pair H & 

10 


ADD 
















L off stack 



ADD r 

1 0 

000 s 

s 

s 

Add register to A 

4 

POP PSW 

1 

1 

1 

1 

0 

0 

0 

1 

Pop A and Flags 

10 


ADC r 

1 0 

001 s 

s 

s 

Add register to A 

4 










off stack 








with carry 


XTHL 

1 

1 

1 

0 

0 

0 

1 

1 

Exchange top of 

18 


ADD M 

1 0 

0001 

1 

0 

Add memory to A 

7 










stack, H & L 



ADC M 

1 0 

0 0 11 

1 

0 

Add memory to A 

7 

SPHL 

1 

1 

1 

1 

1 

0 

0 

1 

H & L to stack pointer 

5 







with carry 


LXI SP 

0 

0 

1 

t 

0 

0 

0 

1 

Load immediate stack 

10 


ADI 

1 1 

0 0 0 1 

1 

0 

Add immediate to A 

7 










pointer 



ACI 

1 1 

0 0 11 

1 

0 

Add immediate to A 

7 

INX SP 

0 

0 

1 

1 

0 

0 

1 

1 

Increment stack pointer 

5 







with carry 


DCX SP 

0 

0 

1 

1 

1 

0 

1 

1 

Decrement stack 

5 


DAD B 

0 0 

0010 

0 

1 

Add B & C to H & L 

10 










pointer 



DADD 

0 0 

0 110 

0 

1 

Add D & E to H & L 

10 

JUMP 












DADH 

0 0 

10 10 

0 

1 

Add H & L to H & L 

10 

JMP 

1 

1 

0 

0 

0 

0 

1 

1 

Jump unconditional 

10 


DAD SP 

0 0 

1110 

0 

1 

Add stack pointer to 

10 

JC 

1 

1 

0 

1 

1 

0 

1 

0 

Jump on carry 

10 







H&L 


JNC 

1 

1 

0 

1 

0 

0 

1 

0 

Jump on no carry 

10 









JZ 

1 

1 

0 

0 

1 

0 

1 

0 

Jump on zero 

10 









JNZ 

1 

1 

0 

0 

0 

0 

1 

0 

Jump on no zero 

10 









JP 

1 

1 

1 

1 

0 

0 

1 

0 

Jump on positive 

10 









JM 

1 

1 

1 

1 

1 

0 

1 

0 

Jump on minus 

10 









JPE 

1 

1 

1 

0 

1 

0 

1 

0 

Jump on parity even 

10 
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Summary of Processor Instructions (Cont.) 


Mnemonic 

Instruction Code [1] 

D 7 De D 5 D 4 D 3 D 2 D-( Dq 

Operations 

Description 

Clock 

Cycles 

12] 

ROTATE 










RLC 

0 

0 

0 

0 

0 

1 1 

1 

Rotate A left 

4 

RRC 

0 

0 

0 

0 

1 

1 1 

1 

Rotate A right 

4 

RAL 

0 

0 

0 

1 

0 

1 1 

1 

Rotate A left through 

4 









carry 


RAR 

0 

0 

0 

1 

1 

1 1 

1 

Rotate A right through 

4 









carry 


SPECIALS 










CMA 

0 

0 

1 

0 

1 

1 1 

1 

Complement A 

4 

STC 

0 

0 

1 

1 

0 

1 1 

1 

Set carry 

4 

CMC 

0 

0 

1 

1 

1 

1 1 

1 

Complement carry 

4 

DAA 

0 

0 

1 

0 

0 

1 1 

1 

Decimal adjust A 

4 

INPUT/OUTPUT 








IN 

1 

1 

0 

1 

1 

0 1 

1 

Input 

10 

OUT 

1 

1 

0 

1 

0 

0 1 

1 

Output 

10 

CONTROL 










El 

1 

1 

1 

1 

1 

0 1 

1 

Enable Interrupts 

4 

Dl 

1 

1 

1 

1 

0 

0 1 

1 

Disable Interrupt 

4 

NOP 

0. 

0 

0 

0 

0 

0 0 

0 

No-operation 

4 

HLT 

0 

1 

1 

1 

0 

1 1 

0 

Halt 

* — . — 1 

7 











Clock 


Instruction Code [1] 

Operations 

Cycles 

Mnemonic 

D 7 Dg D 5 D 4 D 3 D 2 Di Dq 

Description 

[ 2 ] 

SUBTRACT 

SUB r 

1 0 

0 

1 

0 

s 

s 

s 

Subtract register 
from A 

4 

SBBr 

1 0 

0 

1 

1 

s 

s 

s 

Subtract register from 
A with borrow 

4 

SUB M 

1 0 

0 

1 

0 

1 

1 

0 

Subtract memory 
from A 

7 

SBBM 

1 0 

0 

1 

1 

1 

1 

0 

Subtract memory from 
A with borrow 

7 

SUI 

1 1 

0 

1 

0 

1 

1 

0 

Subtract immediate 
from A 

7 

SBI 

1 1 

0 

1 

1 

1 

1 

0 

Subtract immediate 
from A with borrow 

7 

LOGICAL 

ANAr 

1 0 

1 

0 

0 

s 

s 

s 

And register with A 

4 

XRAr 

1 0 

1 

0 

1 

s 

s 

s 

Exclusive Or register 
with A 

4 

ORAr 

1 0 

1 

1 

0 

s 

s 

s 

Or register with A 

4 

CMP r 

1 0 

1 

1 

1 

s 

s 

s 

Compare register with A 

4 

ANAM 

1 0 

1 

0 

0 

1 

1 

0 

And memory with A 

7 

XRAM 1 

1 0 

1 

0 

1 

1 

1 

0 

Exclusive Or memory 
with A 

7 

ORAM 

1 0 

1 

1 

0 

1 

1 

0 

Or memory with A 

7 

CMPM 

1 0 

1 

1 

1 

1 

1 

0 

Compare memory with 
A 

7 

ANI 

1 1 

1 

0 

0 

1 

1 

0 

And immediate with A 

7 

XRI 

1 1 

1 

0 

1 

1 

1 

0 

Exclusive Or immediate 
with A 

7 

ORI 

1 1 

1 

1 

0 

1 

1 

0 

Or immediate with A 

7 

CPI 

1 1 

1 

1 

1 

1 

1 

0 

Compare immediate 
with A 

7 


NOTES: 

1 DDD or SSS- B=000, C=001, D=010, E=011, H=100, L=101, Memory=110, A=111. 

2. Two possible cycle times (6/12) indicate instruction cycles dependent on condition flags. 
*AII mnemonics copyright ®lntel Corporation 1977 
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8085AH/8085AH-2/8085AH-1 
8-BIT HMOS MICROPROCESSORS 


Single +5V Power Supply with 10% 
Voltage Margins 

3 MHz, 5 MHz and 6 MHz Selections 
Available 

20% Lower Power Consumption than 
8085A for 3 MHz and 5 MHz 

1.3 /is Instruction Cycle (8085AH); 0.8 
ns (8085AH-2); 0.67 ^s (8085AH-1) 

100% Compatible with 8085A 

100% Software Compatible with 8080A 

On-Chip Clock Generator (with 
External Crystal, LC or RC Network) 


■ On-Chip System Controller; Advanced 
Cycle Status Information Available for 
Large System Control 

■ Four Vectored Interrupt Inputs (One is 
Non-Maskable) Plus an 
8080A-Compatible Interrupt 

■ Serial In/Serial Out Port 

■ Decimal, Binary and Double Precision 
Arithmetic 

■ Direct Addressing Capability to 64K 
Bytes of Memory 

> Available in EXPRESS 

- Standard Temperature Range 

- Extended Temperature Range 


The Intel® 8085AH is a complete 8 bit parallel Central Processing Unit (CPU) implemented in N-channel, depletion 
load, silicon gate technology (HMOS). Its instruction set is 100% software compatible with the 8080A microproces- 
sor, and it is designed to improve the present 8080A’s performance by higher system speed. Its high level of system 
integration allows a minimum system of three IC’s [8085AH (CPU), 8156H (RAM/IO) and 8755A (EPROM/IO)] while 
maintaining total system expandability. The 8085AH-2 and 8085AH-1 are faster versions of the 8085 AH. 

The 8085AH incorporates all ot the features that the 8224 (clock generator) and 8228 (system controller) 
provided for the 8080A, thereby offering a high level of system integration. 

The 8085AH uses a multiplexed data bus. The address is split between the 8 bit address bus and the 8 bit data bus. 
The on-chip address latches of 8155H/8156H/8755A memory products allow a direct interface with the 8085AH. 


INTA RST6 5 TRAP 



Figure 1. 8085AH CPU Functional Block Diagram 


Configuration 


Intel Corporation Assumes No Responsibly for the Use of Any Circuitry Other Than Circuitry Embodied in an Intel Product. No Other Circuit Patent Licenses are Implied 
•INTEL CORPORATION, 1981 O if) 
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Table 1. Pin Description 


Symbol 

Type 

Name and Function 

READY 

1 

Ready: If READY is high during a 
read or write cycle, it indicates that 
the memory or peripheral is ready to 
send or receive data. If READY is 
low, the cpu will wait an integral 
number of clock cycles for READY 
to go high before completing the 
read or write cycle. READY must 
conform to specified setup and hold 
times. 

HOLD 

1 

Hold: Indicates that another master 
is requesting the use of the address 
and data buses. The cpu, upon 
receiving the hold request, will 
relinquish the use of the bus as 
soon as the completion of the cur- 
rent bus transfer Internal process- 
ing can continue. The processor 
can regain the bus only after the 
HOLD is removed. When the HOLD 
is acknowledged, the_Address, 
Data RD, WR, and IO/M lines are 
3-stated 

HLDA 

0 

Hold Acknowledge: Indicates that 
the cpu has received the HOLD re- 
quest and that it will relinquish the 
bus in the next clock cycle. HLDA 
goes low after the Hold request is 
removed. The cpu takes the bus one 
half clock cycle after HLDA goes 
low. 

INTR 

1 

Interrupt Request: Is used as a 
general purpose interrupt. It is 
sampled only during the next to the 
last clock cycle of an instruction 
and during Hold and Halt states. If it 
is active, the Program Counter (PC) 
will be inhibited from incrementing 
and an INTA will be issued. During 
this cycle a RESTART or CALL in- 
struction can be inserted to jump to 
the interrupt service routine. The 
INTR is enabled and disabled by 
software It is disabled by Reset and 
immediately after an interrupt is ac- 
cepted 

INTA 

0 

Interrupt Acknowledge: Is used in- 
stead of (and has the same timing 
as) RD during the Instruction cycle 
after an INTR is accepted. It can be 
used to activate an 8259A Interrupt 
chip or some other interrupt port. 

RST 5.5 
RST 6.5 
RST 7.5 

1 

Restart Interrupts: These three in- 
puts have the same timing as INTR 
except they cause an internal 
RESTART to be automatically 
inserted. 

The priority of these interrupts is 
ordered as shown in Table 2. These 
interrupts have a higher priority 
than INTR. In addition, they may be 
individually masked out using the 
SIM instruction. 


Symbol 

Type 

Name and Function 

A 8 ~Ai 5 

0 

Address Bus: The most significant 
8 bits of the memory address or the 
8 bits of the I/O address, 3-stated 
during Hold and Halt modes and 
during RESET 

ADq — 7 

I/O 

Multiplexed Address/Data Bus: 

Lower 8 bits of the memory address 
(or I/O address) appear on the bus 
during the first clock cycle (T state) 
of a machine cycle It then becomes 
the data bus during the second and 
third clock cycles. 

ALE 

' 

0 

Address Latch Enable: It occurs 
during the first clock state of a ma- 
chine cycle and enables the address 
to get latched into the on-chip latch 
of peripherals. The falling edge of 
ALE is set to guarantee setup and 
hold times for the address informa- 
tion. The falling edge of ALE can 
also be used to strobe the status 
information ALE is never 3-stated 

Sq, Si , and IO/M 

0 

Machine Cycle Status: 

IO/M Si S 0 Status 

0 0 1 Memory write 

0 1 0 Memory read 

1 0 11/0 write 

1 10 1/0 read 

0 1 'i* Opcode fetch 

1 1 1 Opcode fetch 

1 1 1 Interrupt 

Acknowledge 

* 0 0 Halt 

* X X Hold 

* X X Reset 

* = 3-state (high impedance) 

X = unspecified 

S-) can be used as an advanced R/W 
status. IO/M, So and Si become 
valid at the beginning of a machine 
cycle and remain stable throughout 
the cycle. The falling edge of ALE 
may be used to latch the state of 
these lines 

RD 

0 

Read Control: A low level on RD 
indicates the selected memory or 
I/O device is to be read and that the 
Data Bus is available for the data 
transfer, 3-stated during Hold and 
Halt modes and during RESET 

WR 

0 

Write Control: A low level on WR 
indicates the data on the Data Bus is 
to be written into the selected 
memory or I/O location. Data is set 
up at the trailing edge of WR. 3- 
stated during Hold and Halt modes 
and during RESET. 
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Table 1. Pin Description (Continued) 


Symbol 

Type 

Name and Function 

RESET OUT 

0 

Reset Out: Reset Out indicates cpu 
is being reset. Can be used 
as a system reset. The signal is 
synchronized to the processor 
clock and lasts an.integral number 
of clock periods. 

CM 

X 

X 

1 

X-| and X 2 : Are connected to a 
crystal, LC, or RC network to drive 
the internal clock generator. can 
also be an external clock input from 
a logic gate. The input frequency is 
divided by 2 to give the processor’s 
internal operating frequency. 

CLK 

0 

Clock: Clock output for use as a sys- 
tem clock. The period of CLK is 
twice the X-j , X 2 input period. 

SID 

1 

Serial Input Data Line: The data on 
this line is loaded into accumulator 
bit 7 whenever a RIM instruction is 
executed. 

SOD 

______ 

0 

Serial Output Data Line: The out- 
put SOD is set or reset as specified 
by the SIM instruction 

< 

o 

o 


Power: +5 volt supply. 

V SS 


Ground: Reference. 


Symbol 

Type 

Name and Function 

TRAP 

1 

Trap:' Trap interrupt is a non- 
maskable RESTART interrupt. It is 
recognized at the same time as 
INTR or RST 5.5-7.5. It is unaffected 
by any mask or Interrupt Enable. It 
has the highest priority of any inter- 
rupt. (See Table 2.) 

RESET IN 

1 

Reset In: Sets the Program 
Counter to zero and resets the Inter- 
rupt Enable and HLDA flip-flops. 
The data and address buses and the 
control lines are 3-stated during 
RESET and because of the asyn- 
chronous nature of RESET, the pro- 
cessor’s internal registers and flags 
may be altered by RESET with un- 
predictable results. RESET IN is a 
Schmitt-triggered input, allowing 
connection to an R-C network for 
power-on RESET delay (see Figure 
3). Upon power-up, RESET IN must 
remain low for at least 10 ms after 
minimum Vqc has been reached. 
For proper reset operation after the 
power-up duration, RESET IN 
should be kept low a minimum of 
three clock periods. The CPU is held 
in the reset condition as long as 
RESET IN is applied. 


Table 2. Interrupt Priority, Restart Address, and Sensitivity 


Name 

Priority 

Address Branched To (1) 
When Interrupt Occurs 

Type Trigger 

TRAP 

1 

24H 

Rising edge AND high level until sampled. 

RST 7.5 

2 

3CH 

Rising edge (latched). 

RST 6.5 

3 

34H 

High level until sampled. 

RST 5.5 

4 

2CH 

High level until sampled. 

INTR 

5 

See Note (2) 

High level until sampled. 


NOTES: 

1. The processor pushes the PC on the stack before branching to the indicated address. 

2. The address branched to depends on the instruction provided to the cpu when the interrupt is acknowledged. 


RESET IN 

A 


v cc O— 


"AAA T 




C, 

Hh 


TYPICAL POWER-ON RESET RC VALUES* 
R-, = 75 KO 
Ct =1 i*F 

*VALUES MAY HAVE TO VARY DUE TO 
APPLIED POWER SUPPLY RAMP UPTIME. 


Figure 3. Power-On Reset Circuit 
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FUNCTIONAL DESCRIPTION 

The 8085AH is a complete 8-bit parallel central pro- 
cessor. It is designed with N-channel, depletion load, 
silicon gate technology (HMOS), and requires a single 
+5 volt supply. Its basic clock speed is 3 MHz (8085AH), 
5 MHz {8085AH-2), or 6 MHz (8085AH-1), thus improv- 
ing on the present 8080A’s performance with higher 
system speed. Also it is designed to fit into a minimum 
system of three IC’s: The CPU (8085AH), a RAM/IO 
(8156H), and an EPROM/IO chip (8755A). 


The 8085AH has twelve addressable 8-bit registers. 
Four of them can function only as two 16-bit register 
pairs. Six others can be used interchangeably as 
8-bit registers or as 1 6-bit register pairs. The 8085AH 
register set is as follows: 


Mnemonic 

Register 

ACC or A 

Accumulator 

PC 

Program Counter 

BC,DE,HL 

General-Purpose 
Registers; data 
pointer (HL) 

SP 

Stack Pointer 

Flags or F 

Flag Register 


Contents 

8 bits 

16-bit address 
8 bits x 6 or 
16 bits x 3 

16-bit address 
5 flags (8-bit space) 


The- three maskable interrupts cause the internal 
execution of RESTART (saving the program counter 
in the stack and branching to the RESTART address) 
if the interrupts are enabled and if the interrupt mask 
is not set. The nonmaskable TRAP causes the inter- 
nal execution of a RESTART vector independent 
of the state of the interrupt enable or masks. (See 
Table 2.) 

There are two different types of inputs in the restart 
interrupts. RST 5.5 and RST 6.5 are high level- 
sensitive like INTR (and INT on the 8080) and are 
recognized with the same timing as INTR. RST 7.5 is 
rising edge-sensitive. > 

For RST 7.5, only a pulse is required to set an inter- 
nal flip-flop which generates the internal interrupt 
request (a normally high level signal with a low 
going pulse is recommended for highest system 
noise immunity). The RST 7.5 request flip-flop 
remains set until the request is serviced. Then 
it is reset automatically. This flip-flop may also be 
reset by using the SIM instruction or by issuing a 
RESET IN to the 8085AH. The RST 7.5 internal flip- 
flop will be set by a pulse on the RST 7.5 pin even 
when the RST 7.5 interrupt is masked out. 


The 8085AH uses a multiplexed Data Bus. The 
address is split between the higher 8-bit Address 
Bus and the lower 8-bit Address/Data Bus. During 
the first T state (clock cycle) of a machine cycle the 
low order address is sent out on the Address/Data 
bus. These lower 8 bits may be latched externally by 
the Address Latch Enable signal (ALE). During the 
rest of the machine cycle the data bus is used for 
memory or I/O data. 

The 8085AH provides RD, WR, S 0 , S-,, and IO/M 
signals for b us control. An Interrupt Acknowledge 
signal (INTA) is also provided. HOLD and all Inter- 
rupts are synchronized with the processor’s internal 
clock. The 8085AH also provides Serial Input Data 
(SID) and Serial Output Data (SOD) lines for simple 
serial interface. 

In addition to these features, the 8085AH has three 
maskable, vector interrupt pins, one nonmaskable 
TRAP interrupt, and a bus vectored interrupt, INTR. 

INTERRUPT AND SERIAL I/O 

The 8085AH has 5 interrupt inputs: INTR, RST 5.5, 
RST 6.5, RST 7.5, and TRAP. INTR is identical in 
function to the 8080A INT. Each of the three RE- 
START inputs, 5.5, 6.5, and 7.5, has a programmable 
mask. TRAP is also a RESTART interrupt but it is 
nonmaskable. 


The status of the three RST interrupt mas ks can only 
be affected by the SIM instruction and RESET IN. 
(See SIM, Chapter 5 of the MCS-80/85 User’s 
Manual.) 

The interrupts are arranged in a fixed priority that 
determines which interrupt is to be recognized if 
more than one is pending as follows: TRAP — 
highest priority, RST 7.5, RST 6.5, RST 5.5, INTR— 
lowest priority. This priority scheme does not take 
into account the priority of a .routine that was started 
by a higher priority interrupt. RST 5.5 can interrupt 
an RST 7.5 routine if the interrupts are re-enabled 
before the end of the RST 7.5 routine. 


The TRAP interrupt is useful for catastrophic events 
such as powerfailure or bus error. The TRAP input is 
recognized just as any other interrupt but has the 
highest priority. It is not affected by any flag or mask. 
The TRAP input is both edge and level sensitive. The 
TRAP input must go high and remain high until it is 
acknowledged. It will not be recognized again until it 
goes low, then high again. This avoids any false 
triggering due to noise or logic glitches. Figure 4 
illustrates the TRAP interrupt request circuitry 
within the 8085AH. Note that the servicing of any 
interrupt (TRAP, RST 7.5, RST 6.5, RST 5.5, INTR) 
disables all future interrupts (except TRAPs) until an 
El instruction is executed. 
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Figure 4. TRAP and RESET IN Circuit 


The TRAP interrupt is special in that it disables inter- 
rupts, but preserves the previous interrupt enable 
status. Performing the first RIM instruction follow- 
ing a TRAP interrupt allows you to determine 
whether interrupts were enabled or disabled prior to 
the TRAP. All subsequent RIM instructions provide 
current interrupt enable status. Performing a RIM 
instruction following INTR, or RST 5. 5-7. 5 will 
provide current Interrupt Enable status, revealing 
that Interrupts are disabled. See the description of 
the RIM instruction in the MCS-80/85 Family User’s 
Manual. 

The serial I/O system is also controlled by the RIM 
and SIM instructions. SID is read by RIM, and SIM 
sets the SOD data. 


DRIVING THE X , AND X 2 INPUTS 

You may drive the clock inputs of the 8085AH, 
8085AH-2, or 8085AH-1 with a crystal, an LC tuned 
circuit, an RC network, or an external clock source. 
The crystal frequency must be at least 1 MHz, and 
must be twice the desired internal clock frequency; 
hence, the 8085AH is operated with a 6 MHz crystal 
(for 3 MHz clock), the 8085AH-2 operated with a 10 
MHz crystal (for 5 MHz clock), and the 8085AH-1 can 
be operated with a 1 2 MHz crystal (for 6 MHz clock). 
If a crystal is used, it must have the following 
characteristics: 


Parallel resonance at twice the clock frequency 
desired 

C L (load capacitance) ^ 30 pF 
Cs (shunt capacitance) ^ 7 pF 
R s (equivalent shunt resistance) ^ 75 Ohms 
Drive level: 10 mW 

Frequency tolerance: ±.005% (suggested) 

Note the use of the 20 pF capacitor between X 2 and 
ground. This capacitor is required with crystal fre- 
quencies below 4 MHz to assure oscillator startup at 
the correct frequency. A parallel-resonant LC circuit 
may be used as the frequency-determining network 
for the 8085AH, providing that its frequency 
tolerance of approximately ± 1 0% is acceptable. The 
components are chosen from the formula: 


27rVL(C ex t + Cjnt) 

To minimize variations in frequency, it is recom- 
mended that you choose a value for C ex t that is at 
least twice that of Cj n t, or 30 pF. The use of an LC 
circuit is not recommended for frequencies higher 
than approximately 5 MHz. 

An RC circuit may be used as the frequency- 
determining network forthe8085AH if maintaining a 
precise clock frequency is of no importance. Var- 
iations in the on-chip timing generation can cause a 
wide variation in frequency when using the RC 
mode. Its advantage is its low component cost. The 
driving frequency generated by the circuit shown is 
approximately 3 MHz. It is not recommended that 
frequencies greatly higher or lower than this be 
attempted. 

Figure 5 shows the recommended clock driver cir- 
cuits. Note in D and E that pullup resistors are re- 
quired to assure that the high level voltage of the 
input is at least 4V and maximum low level voltage 
of 0.8V. 

For driving frequencies up to and including 6 MHz 
you may supply the driving signal to X-, and leave X 2 
open-circuited (Figure 5D). If the driving frequency 
is from 6 MHz to 12 MHz, stability of the clock 
generator will be improved by driving both X-j and X 2 
with a push-pull source (Figure 5E). To prevent 
self-oscillation of the 8085AH, be sure that X 2 is not 
coupled back to X-, through the driving circuit. 
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a. Quartz Crystal Clock Driver 



b. LC Tuned Circuit Clock Driver 



c. RC Circuit Clock Driver 


+5V 



d. 1-6 MHz Input Frequency External Clock 
Driver Circuit 


+5V 



e. 1-12 MHz Input Frequency External Clock 
Driver Circuit 


Figure 5. Clock Driver Circuits 


GENERATING AN 8085AH WAIT STATE 


If your system requirements are such that slow 
memories or peripheral devices are being used, the 
circuit shown in Figure 6 may be used to insert one 
WAIT state in each 8085AH machine cycle. 


The D flip-flops should be chosen so that 

• CLK is rising edge-triggered 

• CLEAR is low-level active. 



Figure 6. Generation of a Wait State for 8085AH 
CPU 
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, CE hr. ALE RD IOWCLK RSTl RDY 


8156H 

[RAM + I/O + COUNTER/TIMER] 


8755A [EPROM + I/O] 


Figure 8. MCS-85® Minimum System (Memory Mapped I/O) 


H D h v i T i 

X, X, RESET IN 


► RST5 8085AH SID , 

► INTR S, - 

nriT-r RESET „ 

‘ INTA ADDR/ OUT S 0 ‘ 

ADDR DATA ALE RD WR IO/M RDY CLK 


I IO/M (CS) I/O PORTS, 
|C0NTR0LS 



Figure 9. MCS-85® System (Using Standard Memories) 
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As in the 8080, the READY line is used to extend the 
read and write pulse lengths so that the 8085AH can 
be used with slow memory. HOLD causes the CPU to 
relinquish the bus when it is through with it by float- 
ing the Address and Data Buses. 

SYSTEM INTERFACE 

The 8085AH family includes memory component^, 
which are directly compatible to the 8085AH CPU. For 
example, a system consisting of the three chips, 
8085 AH, 8156H, and 8755A will have the following 
features: 

• 2K Bytes EPROM 

• 256 Bytes RAM 

• 1 Timer/Counter 

• 4 8-bit I/O Ports 

• 1 6-bit I/O Port 

• 4 Interrupt Levels 

• Serial In/Serial Out Ports 

This minimum system, using the standard I/O tech- 
nique is as shown in Figure 7. 

In addition to standard I/O, the memory mapped I/O 
offers an efficient I/O addressing technique. With 
this technique, an area of memory address space is 
assigned for I/O address, thereby, using the memory 
address for I/O manipulation. Figure 8 shows the 
system configuration of Memory Mapped I/O using 
8085AH. 

The 8085AH CPU can also interface with the standard 
memory that does not have the multiplexed address/ 
data bus. It will require a simple 8-bit latch as shown in 
Figure 9. 



'NOTE OPTIONAL CONNECTION 


Figure 7. 8085AH Minimum System (Standard I/O 
Technique) 
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BASIC SYSTEM TIMING 

| 

The 8085AH has a multiplexed Data Bus. ALE is used 
as a strobe to sample the lower 8-bits of address on 
the Data Bus. Figure 10 shows an instruction fetch, 
memory read and I/O write cycle (as would occur 
during processing of the OUT instruction). Note that 
during the I/O write and redd cycle that the I/O port 
address is copied on both the upper and lower half 
of the address. 

There are seven possible types of machine cycles. 
Which of these seven takes placejs defined by the 
status of the three status l ines (IO/ M, S 1; S 0 ) and the 
three control signals (RD, WR, and INTA). (See Table 
3.) The status lines can be used as advanced con- 
trols (for device selection, for example), since they 
become active at the T| state, at the o utse t of each 
machine cycle. Control lines W) and WR become 
active later, at the time when the transfer of data is to 
take place, so are used as command lines. 

A machine cycle normally consists of three T states, 
with the exception of OPCODE FETCH, which nor- 
mally has either four or six T states (unle ss WAIT or 
HOLD states are forced by the receipt of READY or 
HOLD inputs). Any T state must be one of ten 
possible states, shown in Table 4. 


Table 3. 8085AH Machine Cycle Chart 


MACHINE CYCLE 

STATUS 

CONTROL 

IO/M 

SI 

SO 

RD 

WR 

INTA 

OPCODE FETCH 

(OF) 

0 

1 

1 

0 

1 

1 

MEMORY READ 

(MR) 

0 

1 

0 

0 

1 

1 

MEMORY WRITE 

(MW) 

0 

0 

1 

1 

0 

1 

I/O READ 

(IOR) 

1 

1 

0 

0 

1 

1 

I/O WRITE 
ACKNOWLEDGE 

(IOW) 

1 

0 

1 

1 

0 

1 

OF INTR 

(INA) 

1 

1 

1 

1 

1 

0 

BUS IDLE 

(Bl) DAD 

0 

1 

0 

1 

1 

1 


ACK OF 

RST,TRAP 

HALT 

1 

TS 

1 

0 

1 

0 

1 

TS 

1 

TS 

1 

1 


Table 4. 8085AH Machine State Chart 




Status & Buses 

Control 


Machine 

State 

SI, so 

IO/M 

Ag-A-15 

ADo-ADy 

RD,WR 

INTA 

ALE 

Ti 

X 

X 

X 

X 

1 

1 

r 

t 2 

X 

X 

X 

X 

X , 

X 

0 

Twait 

X 

X 

X 

- X 

X 

X 

0 

t 3 

X 

X 

X 

X 

X 

X 

0 

T4 ! 

1 

0 t 

X 

TS 

1 

1 

0 

t 5 

1 

ot 

-X 

TS 

1 

1 

0 

t 6 

1 

0 t 

X 

TS 

1 

1 

0 

TRESET 

X 

TS 

TS 

TS 

TS 

1 

0 

t halt 

0 

TS 

TS 

TS - 

TS 

1 

0 

Thold 

X 

TS 

TS 

TS 

TS 

1 

0 


0 = Logic "0" TS = High Impedance 

1 = Logic "1" X = Unspecified 

* ALE not generated during 2nd and 3rd machine cycles of DAD instruction 
t IO/M = 1 during T4-T5 of INA machine cycle 
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Figure 10. 8085AH Basic System Timing 
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* NOTICE : Stresses above those listed under “Absolute 
Maximum Ratings” may cause permanent damage to the 
device. This is a stress rating only and functional opera- 
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi- 
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 


D.C. CHARACTERISTICS 

8085AH, 8085AH-2 : (T A = 0°C to 70°C, V cc = 5V ±10%, V ss =0V; unless otherwise specified)* 
8085AH-1 : (T A = 0°C to 70°C, V cc = 5V ±5%, Vss = OV; unless otherwise specified) 


Symbol 

Parameter 

Min. 

Max. 

Units 

Test Conditions 

V|L 

Input Low Voltage 

-0.5 

+0.8 

V 


V| H 

Input High Voltage 

2.0 

V CC +0.5 

V 


V OL 

Output Low Voltage 


0.45 

V 

Iql = 2mA 

V OH 

Output High Voltage 

2.4 


V 

■OH = -400/xA 

•cc 

Power Supply Current 


135 

mA 

8085 AH, 8085 AH-2 


200 

mA 

8085AH-1 (Preliminary) 

IlL 

Input Leakage 


±10 

/x A 

0 ^ V| N ^ V C c 

•lo 

Output Leakage 


±10 

fi A 

0.45V Vqut ^ Vcc 

V ILR 

Input Low Level, RESET 

-0.5 

+0.8 

V 


V IHR 

Input High Level, RESET 

2.4 

V CC +0-5 

V 


v HY 

Hysteresis, RESET 

0.15 


V 



ABSOLUTE MAXIMUM RATINGS* 


Ambient Temperature Under Bias 0°C to 70°C 

Storage Temperature -65°C to +150°C 

Voltage on Any Pin 

With Respect to Ground -0.5V to +7V 

Power Dissipation 1.5 Watt 


A.C. CHARACTERISTICS 

8085 AH, 8085AH-2 : (T A = 0°C to 70°C, V cc = 5V ±10%, V SS = OV)* 
8085AH-1 : (T A = 0°C to 70°C, V cc = 5V ±5%, V SS = 0V) 


Symbol 

Parameter 

8085AH 121 

(Final) 

8085AH-2 121 

(Final) 

8085AH-1 

(Preliminary) 

Units 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

l CYC 

CLK Cycle Period 

320 

2000 

200 

2000 

167 

2000 

ns 

tl 

CLK Low Time (Standard CLK Loading) 

80 


40 


20 


ns 

*2 

CLK High Time (Standard CLK Loading) 

120 


70 


50 


ns 

tntf 

CLK Rise and Fall Time 


30 


30 


30 

ns 

*XKR 

X-j Rising to CLK Rising 

20 

120 

20 

100 

20 

100 

ns 

l XKF 

X-j Rising to CLK Falling 

20 

150 

20 

110 

20 

110 

ns 

*AC 

Ag-is Valid to Leading Edge of Control*- 1 - 1 

270 


115 


70 


ns 

UCL 

A 0 -7 Valid to Leading Edge of Control 

240 


115 


60 


ns 

Ud 

Aq -15 Valid to Valid Data In 


575 


350 


225 

ns 

*AFR 

Address Float After Leading Edge of 
READ (INTA) 


0 


0 


0 

ns 

*AL 

a 8-15 Valid Before Trailing Edge of ALE 

115 


50 


25 


ns 


*Note: For Extended Temperature EXPRESS use M8085AH Electricals Parameters. 
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A.C. CHARACTERISTICS (Continued) 


Symbol 

Parameter 

8085AH 121 

(Final) 

8085AH-2 121 

(Final) 

8085AH-1 

(Preliminary) 

Units 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Ull 

Aq _7 Valid Before Trailing Edge of ALE 

90 


50 


25 


ns 

Ury 

READY Valid from Address Valid 


220 


100 


40 

ns 

*CA 

Address (Ag-is) Valid After Control 

120 


60 


30 


ns 

*CC 

Width of Control Low (RD, WR, INTA) 
Edge of ALE 

400 


230 


150 


ns 

tCL 

Trailing Edge of Control to Leading Edge 
of ALE 

50 


25 


0 


ns 

tow 

Data Valid to Trailing Edge of WRITE 

420 


230 


140 


ns 

tHABE 

HLDA to Bus Enable 


210 


150 


150 

ns 

tHABF 

Bus Float After HLDA 


210 


150 


150 

ns 

*HACK 

HLDA Valid to Trailing Edge of CLK 

110 


40 


0 


ns 

tHDH 

HOLD Hold Time 

0 


0 


0 


ns 

tHDS 

HOLD Setup Time to Trailing Edge of CLK 

170 


120 


120 


ns 

t|NH 

INTR Hold Time 

0 


0 


0 


ns 

t|NS 

INTR, RST, and TRAP Setup Time to 
Falling Edge of CLK 

160 


150 


150 


ns 

t|_A 

Address Hold Time After ALE 

100 


50 


20 


ns 

*LC 

Trailing Edge of ALE to Leading Edge 
of Control 

130 


60 


25 


ns 

*LCK 

ALE Low During CLK High 

100 


50 


15 


ns 

*LDR 

ALE to Valid Data During Read 


460 


270 


175 

ns 

*LDW 

ALE to Valid Data During Write 


200 


140 


110 

ns 

tLL 

ALE Width 

140 


80 


50 


ns 

*LRY 

ALE to READY Stable 


110 


30 


10 

ns 

tRAE 

Trailing Edge of READ to Re-Enabling 
of Address 

150 


90 


50 


ns 

*RD 

READ (or INTA) to Valid Data 


300 


150 


75 

ns 

*RV 

Control Trailing Edge to Leading Edge 
of Next Control 

400 


220 


160 


ns 

*RDH 

Data Hold Time After READ INTA 

0 


0 


0 


ns 

*RYH 

READY Hold Time 

0 


0 


5 


ns 

tRYS 

READY Setup Time to Leading Edge 
of CLK 

110 


100 


100 


ns 

*WD 

Data Valid After Trailing Edge of WRITE 

100 


60 


30 


ns 

*WDL 

LEADING Edge of WRITE to Data Valid 


40 


20 


30 

ns 
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NOTES: 

1. Aq-A -15 address Specs apply IO/M, Sq, and Si except A 8 -A 15 
are undefined during T 4 -Te of OF cycle whereas IO/M, S 0 , and 
S 1 are stable. 

2. Test Conditions: t C vc = 320 ns (8085AH)/200 ns (8085AH-2);/ 
167 ns (8085AH-1); C L = 150 pF. 


3. For all output timing where C|_ ^ 150 pF use the following 
correction factors: 

25 pF C L < 150 pF: -0.10 ns/pF 
150 pF < Cl 300 pF: +0.30 ns/pF 

4. Output timings are measured with purely capacitive load. 

5. To calculate timing specifications at other values of tcYC use 
Table 5. 


A.C. TESTING INPUT, OUTPUT WAVEFORM 



A.C. TESTING LOAD CIRCUIT 


DEVICE 


TEST 

1 

T 


I 


= 150 pF 


C L = 150 pF 

C L INCLUDES JIG CAPACITANCE 


Table 5. Bus Timing Specification as a Tqyc Dependent 


Symbol 

8085AH 

8085AH-2 

8085AH-1 


tAL 

(1/2) T- 45 

(1/2) T - 50 

(1/2) T - 58 

Minimum 

*LA 

(1/2) T - 60 

(1/2) T - 50 

(1/2) T - 63 

Minimum 

tLL 

(1/2) T- 20 

(1/2) T - 20 

(1/2) T - 33 

Minimum 

t|_CK 

(1/2) T - 60 

(1/2) T - 50 

(1/2) T - 68 

Minimum 

tLC 

(1/2) T - 30 

(1/2) T - 40 

(1/2) T - 58 

Minimum 

*AD 

(5/2 + N) T - 225 

(5/2 + N) T - 150 

(5/2 + N) T - 192 

Maximum 

*RD 

(3/2 + N)T - 180 

(3/2 + N) T - 150 

(3/2 + N) T - 175 

Maximum 

*RAE 

(1/2) T - 10 

(1/2) T- 10 

(1/2) T - 33 

Minimum 

*CA 

(1/2) T - 40 

(1/2) T - 40 

(1/2) T - 53 

Minimum 

*DW 

(3/2 + N) T - 60 

(3/2 + N) T - 70 

(3/2 + N) T - 110 

Minimum 

tWD 

(1/2) T - 60 

(1/2) T - 40 

(1/2) T - 53 

Minimum 

tcc 

(3/2 + N) T - 80 

(3/2 + N) T - 70 

(3/2 + N) T - 100 

Minimum 

tCL 

(1/2) T - 110 

(1/2) T- 75 

(1/2) T- 83 

Minimum 

Ury 

(3/2) T - 260 

(3/2) T - 200 

(3/2) T - 210 

Maximum 

^HACK 

(1/2) T - 50 

(1/2) T- 60 

(1/2) T - 83 

Minimum 

tHABF 

(1/2) T + 50 

(1/2) T + 50 

(1/2) T + 67 

Maximum 

tHABE 

(1/2) T + 50 

(1/2) T + 50 

(1/2) T + 67 

Maximum 

*AC 

(2/2) T - 50 

(2/2) T - 85 

(2/2) T - 97 

Minimum 

tl 

(1/2) T - 80 

(1/2) T- 60 

(1/2) T - 63 

Minimum 


(1/2) T - 40 

(1/2) T - 30 

(1/2) T - 33 

Minimum 

*RV 

(3/2) T - 80 

(3/2) T- 80 ' 

(3/2) T - 90 

Minimum 

t|_DR 

(4/2) T - 180 

(4/2) T — 130 

(4/2) T - 159 

Maximum 


NOTE: N is equal to the total WAIT states. T = tcyc- 
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Table 6. Instruction Set Summary 





Instruction Code 


Operations 

Mnemonic 

d 7 

D 

d 5 

D 4 °3 

D 2 Di 

Do 

Description 

1 MOVE, LOAD, AND STORE 






MOVrl r 2 

0 

1 

D 

D 

D 

s 

s 

s 

Move register to register 

MOV M r 

0 

1 

1 

1 

0 

s 

s 

s 

Move register to memory 

MOV rM 

0 

1 

D 

D 

D 

1 

1 

0 

Move memory to register 

MVI r 

0 

0 

D 

D 

D 

1 

1 

0 

Move immediate register 

MVI M 

0 

0 

1 

1 

0 

1 

1 

0 

Move immediate memory 

LXI B 

0 

0 

0 

0 

0 

0 

0 

1 

Load immediate register 
Pair B & C 

LXI D 

0 

0 

0 

1 

0 

0 

0 

1 

Load immediate register 
Pair D & E 

LXI H 

0 

0 

1 

0 

0 

0 

0 

1 

Load immediate register 
Pair H & L 

STAX B 

0 

0 

0 

0 

0 

0 

1 

0 

Store A indirect 

STAX D 

0 

0 

0 

1 

0 

0 

1 

0 

Store A indirect 

LDAX B 

0 

0 

0 

0 

1 

0 

1 

0 

Load A indirect 

LDAX D 

0 

0 

0 

1 

1 

0 

1 

0 

Load A indirect 

STA 

0 

0 

1 

1 

0 

0 

1 

0 

Store A direct 

LDA 

0 

0 

1 

1 

1 

0 

1 

0 

Load A direct 

SHLD 

0 

0 

1 

0 

0 

0 

1 

0 

Store H & L direct 

LHLD 

0 

0 

1 

0 

1 

0 

1 

0 

Load H & L direct 

XCHG 

1 

1 

1 

0 

1 

0 

1 

1 

Exchange D & E, H & L 
Registers 

STACK OPS 
PUSH B 

1 

1 

0 

0 

0 

1 

0 

1 

Push register Pair B & 
C on stack 

PUSH D 

1 

1 

0 

1 

0 

1 

0 

1 

Push register Pair D & 
E on stack 

PUSH H 

1 

1 

1 

0 

0 

1 

0 

1 

Push register Pair H & 
L on stack 

PUSH PSW 

1 

1 

1 

1 

0 

1 

0 

1 

Push A and Flags 
on stack 

POP B 

1 

1 

0 

0 

0 

0 

0 

1 

Pop register Pair B & 
C off stack 

POP D 

1 

1 

0 

1 

0 

0 

0 

1 

Pop register Pair D & 
E off stack 

POP H 

1 

1 

1 

0 

0 

0 

0 

1 

Pop register Pair H & 
L off stack 

POP PSW 

1 

1 

1 

1 

0 

0 

0 

1 

Pop A and Flags 
off stack 

XTHL 

1 

1 

1 

0 

0 

0 

1 

1 

Exchange top of 
stack, H & L 

SPHL 

1 

1 

1 

1 

1 

0 

0 

1 

H & L to stack pointer 

LXI SP 

0 

0 

1 

1 

0 

0 

0 

1 

Load immediate stack 
pointer 

INX SP 

0 

0 

1 

1 

0 

0 

1 

1 

Increment stack pointer 

DCX SP 

0 

0 

1 

1 

1 

0 

1 

1 

Decrement stack 
pointer 

JUMP 

JMP 

1 

1 

0 

0 

0 

0 

1 

1 

Jump unconditional 

JC 

1 

1 

0 

1 

1 

0 

1 

0 

Jump on carry 

JNC 

1 

1 

0 

1 

0 

0 

1 

0 

Jump on no carry 

JZ 

1 

1 

0 

0 

1 

0 

1 

0 

Jump on zero 

JNZ 

1 

1 

0 

0 

0 

0 

1 

0 

Jump on no zero 

JP 

1 

1 

1 

1 

0 

0 

1 

0 

Jump on positive 

JM 

1 

1 

1 

1 

1 

0 

1 

o 

Jump on minus 

JPE 

1 

1 

1 

0 

1 

0 

1 

0 

Jump on parity even 

JPO 

1 

1 

1 

0 

0 

0 

1 

o 

Jump on parity odd 

PCHL 

1 

1 

1 

0 

1 

0 

0 

11 

H & L to program 
counter 

CALL 

CALL 

1 

1 

0 

0 

1 

1 

0 

1 

Call unconditional 

CC 

1 

1 

0 

1 

1 

1 

0 

0 

Call on carry 

CNC 

1 

1 

0 

1 

0 

1 

0 

0 

Call on no carry 





Instruction Code 


Operations 

Mnemonic 

D 7 D f 

D5 D4 D3 D2 

Do 

Description 

CZ 

1 

1 

0 

0 

1 

1 

0 

0 

Call on zero 

CNZ 

1 

1 

0 

0 

0 

1 

0 

0 

Call on no zero 

CP 

1 

1 

1 

1 

0 

1 

0 

0 

Call on positive 

CM 

1 

1 

1 

1 

1 

1 

0 

0 

Call on minus 

CPE 

1 

1 

1 

0 

1 

1 

0 

0 

Call on parity even 

CPO 

1 

1 

1 

0 

0 

1 

0 

0 

Call on Daritv odd 

RETURN 

RET 

1 

1 

0 

0 

1 

0 

0 

1 

Return 

RC 

1 

1 

0 

1 

1 

0 

0 

0 

Return on carry 

RNC 

1 

1 

0 

1 

0 

0 

0 

0 

Return on no carry 

RZ 

1 

1 

0 

0 

1 

0 

0 

0 

Return on zero 

RNZ 

1 

1 

0 

0 

0 

0 

0 

0 

Return on no zero 

RP 

1 

1 

1 

1 

0 

0 

0 

0 

Return on positive 

RM 

1 

1 

1 

1 

1 

0 

0 

0 

Return on minus 

RPE 

1 

1 

1 

0 

1 

0 

0 

0 

Return on parity even 

RPO 

1 

1 

1 

0 

0 

0 

0 

0 

Return on parity odd 

RESTART 

RST 

1 

1 

A 

A 

A 

1 

1 

1 

Restart 

I INPUT/OUTPUT 









IN 

1 

1 

0 

1 

1 

0 

1 

1 

Input 

OUT 

1 

1 

0 

1 

0 

0 

1 

1 

Output 

| INCREMENT AND DECREMENT 





INR r 

0 

0 

D 

D 

D 

1 

0 

0 

Increment register 

DCR r 

0 

0 

D 

D 

D 

1 

0 

1 

Decrement register 

INR M 

0 

0 

1 

1 

0 

1 

0 

0 

Increment memory 

DCR M 

0 

0 

1 

1 

0 

1 

0 

1 

Decrement memory 

INX B 

0 

0 

0 

0 

0 

0 

1 

1 

Increment B & C 
registers 

INX D 

0 

0 

0 

1 

0 

0 

1 

1 

Increment D & E 
registers 

INX H 

0 

0 

1 

0 

0 

0 

1 

1 

Increment H & L 
registers 

DCX B 

0 

0 

0 

0 

1 

0 

1 

1 

Decrement B & C 

DCX D 

0 

0 

0 

1 

1 

0 

1 

1 

Decrement D & E 

DCX H 

0 

0 

1 

0 

1 

j0_ 

1 

1 

Decrement H & L 

ADD 
ADD r 

1 

0 

0 

0 

0 

s 

s 

s 

Add register to A 

ADC r 

1 

0 

0 

0 

1 

s 

s 

s 

Add register to A 
with carry 

ADD M 

1 

0 

c 

0 

0 

1 

1 

0 

Add memory to A 

ADC M 

1 

0 

0 

0 

1 

1 

1 

0 

Add memory to A 
with carry 

ADI 

1 

1 

0 

0 

0 

1 

1 

0 

Add immediate to A 

ACI 

1 

1 

0 

0 

1 

1 

1 

0 

Add immediate to A 
with carry 

DAD B 

0 

0 

0 

0 

1 

0 

0 

1 

Add B & C to H & L 

DAD D 

0 

0 

0 

1 

1 

0 

0 

1 

Add D & E to H & L 

DAD H 

0 

0 

1 

0 

1 

0 

0 

1 

Add H & L to H & L 

DAD SP 

0 

0 

1 

1 

1 

0 

0 

1 

Add stack pointer to 
H & L 

SUBTRACT 
SUB r 

1 

0 

0 

1 

0 

s 

s 

s 

Subtract register 
from A 

SBB r 

1 

0 

0 

1 

1 

s 

s 

s 

Subtract register from 
A with borrow 

SUB M 

1 

0 

0 

1 

0 

1 

1 

0 

Subtract memory 
from A 

SBB M 

1 

0 

0 

1 

1 

1 

1 

0 

Subtract memory from 
A with borrow 

SUI 

1 

1 

0 

1 

0 

1 

1 

0 

Subtract immediate 
from A 

SBI 

1 

1 

0 

1 

1 

1 

1 

0 

Subtract immediate 
from A with borrow 
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Table 6. Instruction Set Summary (Continued) 


Mnemonic 

Instruction Code 
D7 De D5 D4 D3 D2 Di 

Do 

Operations 

Description 

SPECIALS 

CMA 

0 

0 

1 0 1 

1 

1 

1 

Complement 

STC 

0 

0 

1 1 0 

1 

1 

1 

Set carry 

CMC 

0 

0 

1 1 1 

1 

1 

1 

Complement 

DAA 

0 

0 

1 0 0 

1 

1 

1 

carry 

Decimal adjust A 

CONTROL 

El 

1 

1 

1 1 1 

0 

1 

1 

Enable Interrupts 

Dl 

1 

1 

1 1 0 

0 

1 

1 

Disable Interrupt 

NOP 

0 

0 

0 0 0 

0 

0 

0 

No-operation 

HLT 

0 

1 

1 1 0 

1 

1 

0 

Halt 

NEW 8085 AH INSTRUCTIONS 
RIM 1 0 0 1 0 0 

0 

0 

0 

Read Interrupt Mask 

SIM 

0 

0 

1 1 0 

0 

0 

0 

Set Interrupt Mask 





Instruction Code 


Operations 

Mnemonic 

D7 d 6 d 5 

D4 D3 d 2 

Di D 0 

Description 

LOGICAL 

ANAr 

1 

0 

1 

0 

0 

s 

s 

s 

And register with A 

XRA r 

1 

0 

1 

0 

1 

s 

s 

s 

Exclusive OR register 
with A 

ORA r 

1 

0 

1 

1 

0 

s 

s 

s 

OR register with A 

CMP r 

1 

0 

1 

1 

1 

s 

s 

s 

Compare register with A 

ANAM 

1 

0 

1 

0 

0 

1 

1 

0 

And memory with A 

XRA M 

1 

0 

1 

0 

1 

1 

1 

0 

Exclusive OR memory 
with A 

ORA M 

1 

0 

1 

1 

0 

1 

1 

0 

OR memory with A 

CMPM 

1 

0 

1 

1 

1 

1 

1 

0 

Compare 
memory with A 

ANI 

1 

1 

1 

0 

0 

1 

1 

0 

And immediate with A 

XRI 

1 

1 

1 

0 

1 

1 

1 

0 

Exclusive OR immediate 
with A 

ORI 

1 

1 

1 

1 

0 

1 

1 

0 

OR immediate with A 

CPI 

1 

1 

1 

1 

1 

1 

1 

0 

Compare immediate 
with A 

ROTATE 

RLC 

0 

0 

0 

0 

0 

1 

1 

1 

Rotate A left 

RRC 

0 

0 

0 

0 

1 

1 

1 

1 

Rotate A right 

RAL 

0 

0 

0 

1 

0 

1 

1 

1 

Rotate A left through 
carry 

RAR 

0 

0 

0 

1 

1 

1 

1 

1 

Rotate A right through 
carry 


NOTES: 

1. DDS or SSS- B 000, C 001, D 010, EO'11, H 100, L 101, Memory 110, A 111 

2. Two possible cycle times (6/12) indicate instruction cycles dependent on condition flags 

*AII mnemonics copyrighted ©Intel Corporation 1976 


2-24 







8085AH/8085AH-2/8085AH-1 



!5 





81 55H/81 56H/81 55H-2/81 56H-2 
2048-BIT STATIC HMOS RAM 
WITH I/O PORTS AND TIMER 



■ Single +5V Power Supply with 10% 
Voltage Margins 

■ 30% Lower Power Consumption than 
the 8155 and 8156 

■ 100% Compatible with 8155 and 8156 

■ 256 Word x 8 Bits 

■ Completely Static Operation 

■ Internal Address Latch 

■ 2 Programmable 8-Bit I/O Ports 


■ 1 Programmable 6-Bit I/O Port 

■ Programmable 14-Bit Binary Counter/ 
Timer 

■ Compatible with 8085AH, 8085A and 
8088 CPU 

■ Multiplexed Address and Data Bus 

■ Available in EXPRESS 

- Standard Temperature Range 

- Extended Temperature Range ' 


The Intel® 8155H and 8156H are RAM and I/O chips implemented in N-Channel, depletion load, silicon gate technology 
(HMOS), to be used in the 8085AH and 8088 microprocessor systems. The RAM portion is designed with 2048 static cells 
organized as 256 x 8. They have a maximum access time of 400 ns to permit use with no wait states in 8085AH CPU.The 
8155H-2 and 8156H-2 have maximum access times of 330 ns for use with the 8085AH-2 and the 5 MHz 8088 CPU. 

The I/O portion consists of three general purpose I/O ports. One of the three ports can be programmed to be status 
pins, thus allowing the other two ports to operate in handshake mode. 

A 14-bit programmable counter/timer is also included on chip to provide either a square wave or terminal count pulse 
for the CPU system depending on timer mode. 


■<=> 


WR- 

RESET- 


256 X 8 
STATIC 
RAM 


K 1 


l/ l PORT an 

Iv-^V PA - 

PORT B K 
— - — i/ >P ^ > 7 


/ I PORT ON 

V JL - v / PC °' 5 


— v cc (+5VI 
-V~ (0V) 


"8155H/8155H-2 = CE, 8156H/8156H-2 = CE 


PC 4 C 

2 

TIMER IN C 

3 

RESET C 

4 

p c 5 C 

5 

TTmer out C 

6 

IO/M C 

7 

CEOR CE*C 

8 

RD Z 

9 

WR C 

10 

ALE C 

11 

AD 0 C 

12- 

AD 1 C 

13 

ad 2 C 

14 

ad 3 C 

15 

ad 4 C 

16 

ad 5 c 

17 

ad 6 c 

18 

ad 7 c 

19 

V ss c 

20 


8155H/ 

8156H 


8155H-2/ 

8156H-2 


40 □ 
39 □ 
38 □ 
37 □ 
36 □ 
35 U 
34 j 
33 H 
32 □ 
31 □ 
30 3 
29 □ 

28 H 
27 3 
26 □ 
25 □ 
24 3 
23 H 
22 □ 
21 ] 


PC 2 

PCi 

PC 0 

pb 7 

PB 6 

PB 5 

PB 4 

PB 3 

pb 2 

PB 1 

PB 0 

PAy 

pa 6 

p A 5 

pa 4 

pa 3 

pa 2 

PA 1 

PA 0 


Figure 1. Block Diagram 


Figure 2. Pin Configuration 


Intel Corporation Assumes No Responsibly for the Use of Any Circuitry Other Than Circuitry Embodied in an Intel Product No Other Circuit Patent Licenses are Implied. 
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Table 1. Pin Description 


Symbol 

Type 

Name and Function 

RESET 

l 

Reset: Pulse provided by the 8085AH to initialize the system (connect to 8085AH RESET OUT). Input 
high on this line resets the chip and initializes the three I/O ports to input mode The width of RESET 
pulse should typically be two 8085AH clock cycle times 

ADq-7 

I/O 

Address/Data: 3-state Address/Data lines that interface with the CPU lower 8-bit Address/Data Bus 
The 8-bit address is latched into the address latch inside the 8155H/56H on the falling edge of ALE. The 
address can be eitherforthe memory section orthe I/O section depending on thelO/M input The8-bit 
data is either written into the chip or read from the chip, depending on the WR or RD input signal. 

CE orCE 

1 

Chip Enable: On the 8155H, this pin is CE and is ACTIVE LOW On the 8156H, this pin is CE and is 
ACTIVE HIGH 

RD 

1 

Read Control: Input low on this line with the Chip Enable active enables and AD 0 _7 buffers If IO/M pin 
is low, the RAM content will be read out to the AD bus Otherwise the content of the selected I/O port or 
command/status registers will be read to the AD bus 

WR 

1 

Write Control: Input low on this line with the Chip Enable active causes the data on the Address/Data 
bus to be written to the RAM or I/O ports and command/status register, depending on IO/M 

ALE 

1 

Address Latch Enable: This control signal latches both the address on the ADq _7 lines and the state 
of the Chip Enable and IO/M into the chip at the falling edge of ALE 

IO/M 

1 

I/O Memory: Selects memory if low and I/O and command/status registers if high 

PAo- 7 (8) 

I/O 

Port A: These 8 pins are general purpose I/O pins The in/out direction is selected by programming 
the command register 

PBq- 7 (8) 

I/O 

Port B: These 8 pins are general purpose I/O pins The in/out direction is selected by programming 
the command register 

PC 0 - 5 (6) , 

I/O 

Port C: These 6 pins can function as either input port, output port, or as control signals for PA and PB 
Programming is done through the command register When PC 0 _5 are used as control signals, they 
will provide the following 
PCq — A INTR (Port A Interrupt) 

PCt — ABF (Port A Buffer Full) 

PC 2 — A STB (Port A Strobe) 

PC 3 — B INTR (Port B Interrupt) 

PC 4 — B BF (Port B Buffer Full) 

PC 5 — B STB (Port B Strobe) 

TIMER IN 

1 

Timer Input: Input to the counter-timer 

TIMER OUT 

0 

Timer Output: This output can be either a square wave or a pulse, depending on the timer mode. 

v cc 


Voltage: +5 volt supply 

V SS 


Ground: Ground reference $ 


FUNCTIONAL DESCRIPTION 

The 8155H/8156H contains the following: 

• 2k Bit Static RAM organized as 256 x 8 

• Two8-bit l/Oports (PA&PB)andone6-bitl/Oport(PC) 

• 14-bit timer-counter 

The IO/M (lO/Memory Select) pm selects either the five 
registers (Command, Status, PAo- 7 , PBo-7, PCo-5) or 
the memory (RAM) portion 

The 8-bit address on the Address/Data lines, Chip Enable 
input CE or CE, and IO/M are all latched on-chip at the 
falling edge of ALE 



Figure 3. 8155H/8156H Internal Registers 
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CE (8155H) 

OR 

CE (8156H) / 


/ 

V 





\ 

/ 

- 



IO/M \ 

/ 

\ _ 


> < 


ad °- 7 X 

ADDRESS 

X datavaud > — < 




... /- 

\ 

/ 





RDORWR 


v _ 

/ 


NOTE: FOR DETAILED TIMING INFORMATION, SEE FIGURE 12 AND A.C CHARACTERISTICS. 


Figure 4. 8155H/8156H On-Board Memory Read/Write Cycle 


PROGRAMMING OF THE 
COMMAND REGISTER 

The command register consists of eight latches Four 
bits (0-3) define the mode of the ports, two bits (4-5) 
enable or disable the interrupt from port C when it acts 
as control port, and the last two bits (6-7) are for the timer 

The command register contents can be altered at any 
time by using the I/O address XXXXX000 during a WRITE 
operation with the Chip Enable active and IO/M = 1 The 
meaning of each bit of the command byte is defined in 
Figure 5. The contents of the command register may 
never be read. 


READING THE STATUS REGISTER 

The status register consists of seven latches, one for each 
bit, six (0-5) for the status of the ports and one (6) for the 
status of the timer. 

The status of the timer and the I/O section can be polled 
by reading the Status Register (Address XXXXX000) 
Status word format is shown in Figure 6. Note that you 
may never write to the status register since the command 
register shares the same I/O address and the command 
register is selected when a write to that address is issued 



Figure 5. Command Register Bit Assignment 
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AD 7 AD 6 AD 5 AD 4 AD 3 AD 2 ADt ad 0 


\x\ 


TIMFR 


INTE 

B 


INTR 

B 


INTE 

A 


A 

BF 


INTR 

A 


PORT A INTERRUPT REQUEST 

PORT A BUFFER FULL/EMPTY 
(INPUT/OUTPUT) 

PORT A INTERRUPT ENABLE 

PORT B INTERRUPT REQUEST 


PORT B BUFFER FULL/EMPTY 
(INPUT/OUTPUT) 


PORT B INTERRUPT ENABLED 


TIMER INTERRUPT (THIS BIT 
IS LATCHED HIGH WHEN 
TERMINAL COUNT IS 
REACHED, AND IS RESET TO 
LOW UPON READING OF THE 
C/S REGISTER AND BY 
HARDWARE RESET) 


Figure 6. Status Register Bit Assignment 


INPUT/OUTPUT SECTION 


interrupt that the 8155H sends out. The second is an 
output signal indicating whether the buffer is full or 
empty, and the third is an input pin to accept a strobe 
for the strobed input mode. (See Table 2.) 

When the ‘C’ port is programmed to either ALT3 or ALT4, 
the control signals for PAand PBare initialized asfollows 


CONTROL 

INPUT MODE 

OUTPUT MODE 

BF 

Low 

Low 

INTR 

Low 

High 

STB 

Input Control 

Input Control 


I/O ADDRESS+ 

SELECTION 

A7 

.« 

A5 

A4 

A3 

A2 

A, 

AO 

X 

X 

X 

X 

X 

0 

0 

0 

Interval Command/Status Register 

X 

X 

X 

X 

X 

0 

0 

1 

General Purpose I'O Port A 

X 

X 

X 

X 

X 

0 

1 

0 

General Purpose I/O Port B 

X 

X 

X 

X 

X 

0 

1 

1 

Port C — General Purpose I/O or Control 

X 

X 

X 

X 

X 

1 

0 

0 

Low-Order 8 bits of Timer Count 

X 

X 

X 

X 

x 

1 

0 

1 

High 6 bits of Timer Count and 2 bits 
of Timer Mode 


X Don’t Care 

t I/O Address must be qualified by CE = 1 (8156H) or CE = 0 (8155H) and IO/M = 1 in 
order to select the appropriate register 


The I/O section of the 8155H/8156H consists of five regis- I 

ters: (See Figure 7.) Figure 7. I/O Port and Timer Addressing Scheme 


• Command/Status Register (C/S) — Both registers are 
assigned the address XXXXX000 The C/S address 
serves the dual purpose 

When the C/S registers are selected during WRITE 
operation, a command is written into the command 
register. The contents of this registerare not accessible 
through the pins 

When the C/S (XXXXX000) is selected during a READ 
operation, the status information of the I/O ports and 
the timer becomes available on the AD 0-7 lines. 

• PA Register — This register can be programmed to be 
either input or output ports depending on the status of 
the contents of the C/S Register. Also depending on 
the command, this port can operate in either the basic 
mode or the strobed mode (See timing diagram) The 
I/O pins assigned in relation to this register are PA 0-7 
The address of this register is XXXXX001. 

• PB Register — This register functions the same as PA 
Register. The I/O pins assigned are PB 0 - 7 . The address 
of this register is XXXXX010 

• PC Register — This register has the address XXXXX011 
and contains only 6 bits. The 6 bits can be program- 
med to be either input ports, output ports or as control 
signals for PA and PB by properly programming the 
AD 2 and AD 3 bits of the C/S register. 

When PC 0-5 is used as a control port, 3 bits are 
assigned for Port A and 3 for Port B. The first bit is an 


Figure 8 shows how I/O PORTS A and B are structured 
within the 8155H and 8156H : 
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Table 2. Port Control Assignment 



ALT 1 

ALT 2 

ALT 3 

ALT 4 

PC0 

Input Port 

Output Port 

A INTR (Port A Interrupt) 

A INTR (Port A Interrupt) 

PCI 

Input Port 

Output Port 

A BF (Port A Buffer Full) 

A BF (Port A Buffer Full) 

PC2 

Input Port 

Output Port 

A STB (Port A Strobe) 

A STB (Port A Strobe) 

PC3 

Input Port 

Output Port 

Output Port 

B INTR (Port B Interrupt) 

PC4 

Input Port 

Output Port 

Output Port 

B BF (Port B Buffer Full) 

PC5 

Input Port 

Output Port 

Output Port 

B STB (Port B Strobe) 


Note in the diagram that when the I/O ports are pro- 
grammed to be output ports, the contents of the output 
ports can still be read by a READ operation when appro- 
priately addressed. 

The outputs of the 81 55H/81 56H are “glitch-free” meaning 
that you can write a “1” to a bit position that was previ- 
ously "1” and the level at the output pin will not change. 

Note also that the output latch is cleared when the port 
enters the input mode. The output latch cannot be loaded 
by writing to the port if the port is in the input mode. The 
result is that each time a port mode is changed frorrf input 
to output, the output pins will go low. When the 81 55H/56H 
is RESET, the output latches are all cleared and all 3 ports 
enter the input mode. 

When in the ALT 1 or ALT 2 modes, the bits of PORT C 
are structured like the diagram above in the simple input 
or output mode, respectively. 

Reading from an input port with nothing connected to the 
pins will provide unpredictable results. 

Figure 9 shows how the 8155H/8156H I/O ports might be 
configured in a typical MCS-85 system. 


TO 8085AH RST INPUT 


1 PORT A 

OUTPUT PORT A 

t 




A INTR (SIGNALS DATA RECEIVED) | 


8155 H/ 8156 H 


A BF (SIGNALS DATA READY) - 



A STB (ACKNOWL DATA RECEIVED) 


PORT C - 


_ B STB (LOADS PORT B LATCH) 

-PERIPHERAL 



B BF (SIGNALS BUFFER IS FULL) 

INTERFACE 



B INTR (SIGNALS BUFFER 

-J 




READY FOR READING) 

.. 


| PORT B 

C INPUT | 

TO INPUT PORT (OPTIONAL) 


TO 8085AH RST INPUT 


Figure 9. Example: Command Register = 00111001 


TIMER SECTION 

The timer is a 14-bit down-counter that counts the TIMER 
IN pulses and provides either a square wave or pulse 
when terminal count (TC) is reached 

The timer has the I/O address XXXXXIOOfor the low order 
byte of the register and the I/O address XXXXX101 for 
the high order byte of the register. (See Figure 7.) 

To program the timer, the COUNT LENGTH REG is loaded 
first, one byte at a time, by selecting the timer addresses. Bits 
0-1 3 of the high order count register will specify the length of 
the next count and bits 14-15 of the high order register will 
specify the timer output mode (see Figure 10). The value 
loaded into the count length register can have any value 
from 2H through 3FFFH in Bits 0-13. 


7 

6 

5 

4 

3 

2 

1 

0 

m 2 

Mi 

Tl3 

Ti2 

Tn 

Tio 

t 9 

Jsl 

1 IL _ J 

timer'mode 

MSB OF CNT LENGTH 


7 

6 

5 

4 

3 

2 

1 

0 


Ts 

t 5 

t 4 

T 3 

t 2 

T ’ 


i i 


LSB OF CNT LENGTH 


Figure 10. Timer Format 


There are four modes to choose from: M2 and Ml define 
the timer mode, as shown in Figure 1 1 . 



TIMER OUT WAVEFORMS 



MODE 

START 

TERMINAL 

( terminal\ 

BITS 

COUNT 

COUNT 

V COUNT ) 

m 2 m. 

l 

\ 



1 SINGLE 



1 0 

SQUARE WAVE 




2 CONTINUOUS ' 



0 1 

SQUARE WAVE 



1 0 

3 SINGLE *■■■ •“ 

PULSE ON. 

\J 



TERMINAL COUNT 




4. CONTINUOUS 



1 1 

PULSES 

u 



Figure 11. Timer Modes 
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Bits 6-7 (TM ,2 and TMi) of command register contents 
are used to start and stop the counter. There are four 
commands to choose from: 


TM 2 

0 

0 

1 

1 


TMi 

0 NOP — Do not affect counter operation. 

1 STOP — NOP if timer has not started; 
stop counting if the timer is running 

0 STOP AFTER TC — Stop immediately 
after present TC is reached ( NOP if timer 
has not started) 

1 START — Load mode and CNT length 
and start immediately after loading (if 
timer is not presently running). If timer 
is running, start the new mode and CNT 
length immediately after present TC is 
reached. 


Note that while the counter is counting, you may load a 
new count and mode into the count length registers 
Before the new count and mode will be used by the 
counter, you must issue a START command to the 
counter. This applies even though you may only want to 
change the count and use the previous mode. 


The counter in the 81 55H is not initialized to any particular 
mode or count when hardware RESET occurs, but RESET 
does stop the counting. Therefore, counting cannot begin 
following RESET until a START command is issued via the 
C/S register. 

Please note that the timer circuit on the 81 55H/81 56H chip 
is designed to be a square-wave timer, not an event 
counter. To achieve this, it counts down by twos twice 
in completing one cycle. Thus, its registers do not con- 
tain values directly representing the number of TIMER IN 
pulses received. You cannot load an initial value of 1 into 
the count register and cause the timer to operate, as its 
terminal count value is 10 (binary) or 2 (decimal). (For 
the detection of single pulses, it is suggested that one 
of the hardware interrupt pins on the 8085AH be used.) 
After the timer has started counting down, the values 
residing in the count registers can be used to calculate 
the actual number of TIMER IN pulses required to com- 
plete the timer cycle if desired. To obtain the remaining 
count, perform the following operations in order: 

1 Stop the count 

2. Read in the 16-bit value from the count length registers 


In case of an odd-numbered count, the first half-cycle 
of the squarewave output, which is high, is one count 
longer than the second (low) half-cycle, as shown in 
Figure 12. 



NOTE 5 AND 4 REFER TO THE NUMBER OF CLOCKS IN THAT TIME PERIOD 


Figure 12. Asymmetrical Square- Wave Output 
Resulting from Count of 9 


3. Reset the upper two mode bits 

4. Reset the carry and rotate right one position all 16 bits 
through carry 

5. If carry'is set, add 1/2 of the full original count (1/2 full 
count — 1 if full count is odd). 


Note: If you started with an odd count and you read the 
count length register before the third count pulse occurs, 
you will not be able to discern whether one or two counts 
has occurred. Regardless of this, the 8155H/56H always 
counts out t he right number of pulses in generating the 
TIMER OUT waveforms. 
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8085A MINIMUM SYSTEM CONFIGURATION 

Figure 13a shows a minimum system using three chips, 
containing: 

• 256 Bytes RAM 

• 2K Bytes EPROM 

• 38 I/O Pins 

• 1 Interval Timer 

• 4 Interrupt Levels 



Figure 13a. 8085AH Minimum System Configuration (Memory Mapped I/O) 
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8088 FIVE CHIP SYSTEM 

Figure 13b shows a five chip system containing: 

• 1.25K Bytes RAM 

• 2K Bytes EPROM 


38 I/O Pins 

1 Interval Timer 

2 Interrupt Levels 


ad 0 -ad 7 K addr/data 







□ 

' 

V 
























K 


8155H-2 

ale Dr . c 


10/M timer 
„„„ OUT 



MN/MX - 
ALE - 
- RST (g) RD - 


10/M PORT 
B 

RESET 

READY 

iOR 


Figure 13b. 8088 Five Chip System Configuration 
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ABSOLUTE MAXIMUM RATINGS* 


Temperature Under Bias 0°Cto+70°C 

Storage Temperature -65°C to +150°C 

Voltage on Any Pin 

With Respect to Ground -0.5V to +7V 

Power Dissipation 1 5W 


*NOTICE: Stresses above those listed under “Absolute 
Maximum Ratings” may cause permanent damage to the 
device. This is a stress rating only and functional opera- 
tion of the device at these or any other conditions above 
those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maxi- 
mum rating conditions for extended periods may affect 
device reliability. 


D.C. CHARACTERISTICS (t a = o°c to 70 °c, v C c = sv ± 10%) 


Symbol 

Parameter 

Min. 

Max. 

Units 

Test Conditions 

VlL 

Input Low Voltage 

-0.5 

0.8 

V 


V|H 

Input High Voltage 

2.0 

Vcc+0.5 

V 


V 0 L 

Output Low Voltage 


0.45 

V 

l 0 L = 2mA 

V OH 

Output High Voltage 

2.4 


V 

I 0 h = -400/iA 

*IL 

Input Leakage 


±10 

jitA 

0V=s V, N =£ V CC 

•lo 

Output Leakage Current 


±10 

/iA 

0.45V < VouT < Vcc 

•cc 

Vcc Supply Current 


125 

mA 


l| L (CE) 

Chip Enable Leakage 






8155H 


+ 100 

mA 

0V V| N Vcc 


8156H 


-100 

mA 


A.C. CHARACTERISTICS <t a = o°c to 70 °c, v cc = sv ±10%) 
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Symbol 

Parameter 

Min. 

Max. 

Min. 

Max. 

Units 

*AL 

Address to Latch Set Up T ime 

50 


30 


ns 

*LA 

Address Hold Time after Latch 

* 80 


30 


ns 

*LC 

Latch to READ/WRITE Control 

100 


40 


ns 

*RD 

Valid Data Out Delay from READ Control 


170 


140 

ns 

*LD 

Latch to Data Out Valid 


350 


270 

ns 

*AD 

Address Stable to Data Out Valid 


400 


330 

ns 

tLL - 

Latch Enable Width 

100 ' 


70 


ns 

tRDF 

Data Bus Float After READ 

0 

100 

0 

80 

ns 

X CL 

READ/WRITE Control to Latch Enable 

20 


10 


ns 

X CC 

READ/WRITE Control Width 

250 


200 


ns 

l DW 

Data In to WRITE Set Up Time 

150 


100 


ns 

*WD 

Data In Hold Time After WRITE 

25 


25 


ns 

tRV 

Recovery Time Between Controls 

300 


200 


ns 

t W p 

WRITE to Port Output 


400 


300 

ns 

tPR 

Port Input Setup Time 

70 


50 


ns 

tRP 

Port Input Hold Time 

50 


10 


ns 

tSBF 

Strobe to Buffer Full 


400 


300 

ns 

tss 

Strobe Width 

200 


150 


ns 

tRBE 

READ to Buffer Empty 


400 


300 

ns 

tsi 

Strobe to INTR On 


. 400 


300 

ns 
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A.C. CHARACTERISTICS (Continued) (T A = 0°C to 70°C, V cc = 5V ±10%) 



8155H/8156H 

8155H-2/8156H-2 


Symbol 

Parameter 

Min. 

Max. 

Min. 

Max. 

Units 

tRDI 

READ to INTR Off 


400 


300 

ns 

tpss 

Port Setup T ime to Strobe Strobe 

50 


0 


ns 

tPHS 

Port Hold Time After Strobe 

120 


100 


ns 

t SBE 

Strobe to Buffer Empty 


400 


300 

ns 

tWBF 

WRITE to Buffer Full 


400 


300 

ns 

*WI 

WRITE to INTR Off 


400 


300 

ns 

tTL 

TIMER-IN to TIMER-OUT Low 


400 


300 

ns 

tTH 

TIMER-IN to TIMER-OUT High 


400 


300 

ns 

t RDE 

Data Bus Enable from READ Control 

10 


10 


ns 

h 

TIMER-IN Low Time 

80 


40 


ns 

1 2 

TIMER-IN High Time 

120 


70 


ns 

*WT 

WRITE to TIMER-IN 

(for writes which start counting) 

360 


200 


ns 


A.C. TESTING INPUT, OUTPUT WAVEFORM A.C. TESTING LOAD CIRCUIT 



DEVICE 

UNDER 

TEST 


1 

1 


C L = 150 pF 


C L = 150 pF 

C L INCLUDES JIG CAPACITANCE 


WAVEFORMS 
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8185/8185-2 

1024 x 8-BIT STATIC RAM FOR MCS-85® 


■ Multiplexed Address and Data Bus 

■ Directly Compatible with 8085AH 
and iAPX 88 Microprocessors 

■ Low Operating Power Dissipation 


■ Low Standby Power Dissipation 

■ Single +5V Supply 

■ High Density 18-Pin Package 


The Intel® 8185 is an 8192-bit static random access memory (RAM) organized as 1024 words by 8-bits using N-channel 
Silicon-Gate MOS technology. The multiplexed address and data bus allows the 8185 to interface directly to the 8085A and 
iAPX 88 microprocessors to provide a maximum level of system integration. . 

The low standby power dissipation minimizes system power requirements when the 8185 is disabled. 

The 8185-2 is a high-speed selected version of the 8185 that is compatible with the 5 MHz 8085AH-2 and the 5 MHz iAPX 88. 



AD 0 C 

1 

18 

3 Vcc 

ADi Z 

2 

17 

3 RD 

ad 2 Z 

3 

16 

D WR 

ad 3 Z 

4 

15 

□ ALE 

ad 4 □ 

5 

14 

□ cs 

ad 5 £ 

6 

13 

JCE, 

ad 6 z 

7 

12 

□ ce 2 

ad 7 z 

8 

11 

□ a 9 

Vss □ 

9 

10 

□ A8 


AD 0 -AD 7 

ADDRESS/DATA LINES 

As, Ag 

ADDRESS LINES 

CS 

CHIP SELECT 

CE 1 

CHIP ENABLE (IO/M) 

ce 2 

CHIP ENABLE 

ALE 

ADDRESS LATCH ENABLE 

WR 

WRITE ENABLE 


Figure 1. Block Diagram 


Figure 2. Pin Configuration 
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my 

FUNCTIONAL DESCRIPTION 


The 81 85 has been designed to provide for direct interface 
to the multiplexed bus structure and bus timing of the 
8085A microprocessor. 

At the beginning of an 8185 memory access cycle, the 8- 
bit address on ADo- 7 , As and Ag, and the status of CEi and 
CE 2 are all latched internally in the 8185 by the falling edge 
of ALE. If the latched status of both CEi and CE 2 are 
active^he 81 85 powers itself up, but no action occurs until 
the CS line goes low and the appropriate RD or WR control 
signal input is activated. 

The CS input is not latched by the 8185 in order to allow 
the maximum amount of time for address decoding in 
selecting the 8185 chip. Maximum po wer c onsumption 
savings will occur, however, only when CEi and CE 2 are 
activated selectively to power down the 81 85 when it is not 
in use. A possible connec tion would be to wire the 8085A’s 
IO/M line to the 8185’s CEi input, thereby keeping the 
8185 powered down during I/O and interrupt cycles. 


Table 1. 

Truth Table for 

Power Down and Function Enable 


CEi 

ce 2 

CS 

(CS*)! 2 ) 

8185 Status 

1 

X 

X 

0 

Power Down and 
Function Disable^] 

X 

0 

X 

0 

Power Down and 
Function Disables ] 

0 

1 

1 

0 

Powered Up and 
Function Disables 

0 

1 

0 

1 

Powered Up and 
Enabled 


NOTES: 

X: Don’t Care. 

1: Function Disable implies Data Bus in high impedance state 
and not writing. 

2: CS* = (CEi = 0) • {CE 2 = 1) • (CS = 0) 

CS* = 1 signifies all chip enables and chip select active 


Table 2. 

Truth Table for 

Control and Data Bus Pin Status 


(CS*) 

RD 

WR 

ADq -7 During Data 
Portion of Cycle 

8185 Function 

0 

X 

X 

Hi-lmpedance 

No Function 

1 

0 

1 

Data from Memory 

Read 

1 

1 

0 

Data to Memory 

Write 

1 

1 

1 

Hi-lmpedance 

Reading, but not* 
Driving Data Bus 


NOTE: 

X: Don’t Care. 



Figure 3. 8185 in an MCS-85 System 

4 Chips: 

2K Bytes EPROM 
1.25K Bytes RAM 
38 I/O Lines 

1 Counter/Timer 

2 Serial I/O Lines 
5 Interrupt Inputs 
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iAPX 88 FIVE CHIP SYSTEM: 

• 1.25 K Bytes RAM 

• 2K Bytes EPROM 

• 38 I/O Pins 

• 1 Internal Timer 

• 2 Interrupt Levels 



Figure 4. iAPX 88 Five Chip System Configuration 
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ABSOLUTE MAXIMUM RATINGS* 


Temperature Under Bias 0°Cto+70°C 

Storage Temperature -65° C to +150° C 

Voltage on Any Pin 

with Respect to Ground -0.5V to +7V 

Power Dissipation 1.5W 


*NOTICE: Stresses above those listed under “Absolute 
Maximum Ratings” may cause permanent damage to the 
device. This is a stress rating only and functional opera- 
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi- 
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 


D.C. CHARACTERISTICS (Ta = o°c to 70°c, Vcc = 5V ± 5%) 


Symbol 

Parameter 

Min. 

Max. 

Units 

Test Conditions 

VlL 

Input Low Voltage 

-0.5 

0.8 

V 


VlH 

Input High Voltage 

2.0 

Vcc+0.5 

V 


VOL 

Output Low Voltage 


0.45 

V 

lOL = 2mA 

VOH 

Output High Voltage 

2.4 



lOH = — 400^uA 

IlL 

Input Leakage 


±10 

MA 

o 

< 

/A 

< 

z 

/A 

< 

o 

o 

Ilo 

Output Leakage Current 


±10 

mA 

0.45V < Vout ^ Vcc 

lee 

Vcc Supply Current 
Powered Up 
Powered Down 


100 

mA 



35 

mA 



A.C. CHARACTERISTICS (Ta = 0°C to 70° C, Vcc = 5V ± 5%) 


Symbol 

Parameter 

8185 

8185-2 


Min. 

Max. 

Min. 

Max. 

Units 

tAL 

Address to Latch Set Up Time 

50 


30 


ns 

tLA 

Address Hold Time After Latch 

80 


30 


ns 

t|_C 

Latch to READ/WRITE Control 

100 


40 


ns 

tRD 

Valid Data Out Delay from READ Control 


170 


140 

ns 

tLD 

ALE to Data Out Valid 


300 


200 

ns 

tLL 

Latch Enable Width 

100 


70 


ns 

tRDF 

Data Bus Float After READ 

0 

100 

0 

80 

ns 

tCL 

READ/WRITE Control to Latch Enable 

20 


10 


ns 

tcc 

READ/WRITE Control Width 

250 


200 


ns 

tDW 

Data In to WRITE Set Up Time 

150 


150 


ns 

tWD 

Data In Hold Time After WRITE 

20 


20 


ns 

tsc 

Chip Select Set Up to Control Line 

10 


10 


ns 

tcs 

Chip Select Hold Time After Control 

10 


10 


ns 

tALCE 

Chip Enable Set Up to ALE Falling 

30 


10 


ns 

tLACE 

Chip Enable Hold Time After ALE 

50 


30 


ns 
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A.C. TESTING INPUT, OUTPUT WAVEFORM A.C. TESTING LOAD CIRCUIT 



DEVICE 

UNDER 

TEST 


1 

I 


C L = 150 pF 


C L = 150 pF, 

C L INCLUDES JIG CAPACITANCE 


WAVEFORM 



2-42 








inteT 


8205 

HIGH SPEED 1 OUT OF 8 BINARY DECODER 


■ I/O Port or Memory Selector 

■ Simple Expansion — Enable Inputs 

■ High Speed Schottky Bipolar 
Technology — 18ns Max. Delay 

■ Directly Compatible with TTL Logic 
Circuits 


■ Low Input Load Current — .25 mA 
max., 1/6 Standard TTL Input Load 

■ Minimum Line Reflection — Low 
Voltage Diode Input Clamp 

■ Outputs Sink 10 mA min. 

■ 16-Pin Dual-In-Line Ceramic or 
Plastic Package 


The Intel® 8205 decoder can be used for expansion of systems which utilize input ports, output ports, and memory 
components with active low chip select input. When the 8205 is enabled, one of its 8 outputs goes “low,” thus a single row 
of a memory system is selected. The 3-chip enable inputs on the 8205 allow easy system expansion. For very large systems, 
8205 decoders can be cascaded such that each decoder can drive 8 other decoders for arbitrary memory expansions. 

The 8205 is packaged in a standard 16-pin dual in-line package, and its performance is specified over the temperature 
range of 0°C to +75°C, ambient. The use of Schottky barrier diode clamped transistors to obtain fast switching speeds 
results in higher performance than equivalent devices made with a gold diffussion process. 



1 

W 16 

2 

15 

3 

14 

4 

13 

8205 

5 

12 

6 

11 

7 

10 

8 

9 


Jo, 


A 0 a 2 

ADDRESS INPUTS 

^ E3 

ENABLE INPUTS 

O 0 - O7 

DECODED OUTPUTS 


Figure 1. Logic Symboi 


Figure 2. Pin Configuration 
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FUNCTIONAL DESCRIPTION 
Decoder 

The 8205 contains a one out of eight binary decoder. It ac- 
cepts a three bit binary code and by gating this input, creates 
an exclusive output that represents the value of the input 
code. 

For example, if a binary code of 101 was present on the AO, 
A1 and A2 address input lines, and the device was enabled, 
an active low signal would appear on the 05 output line. 
Note that all of the other output pins are sitting at a logic 
high, thus the decoded output is said to be exclusive. The 
decoders outputs will follow the truth table shown below in 
the same manner for all other input variations. 

Enable Gate 

When using a decoder it is often necessary to gate the out- 
puts with timing or enabling signals so that the exclusive 
output of the decoded value is synchronous with the overall 
system. 

The 8205 has a built-in function for such gating. The three 
enable inputs (El, E2, E3) are ANDed together and create 
a single enable signal for the decoder. The combination of 
both active “high" and active “low" device enable inputs 
provides the designer with a powerfully flexible gating func- 
tion to help reduce package count in his system. 



DECODER 

\ 






A z r 

I 

0 o 3 

o ► 0^ 

o o~ 5 

o o 6 

o 0“ 

_ ENABLE GATE 

E^ ) (SI E2 E3) 



Figure 3. Enable Gate 
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H 

L 

H 

H 

L 

H 

H 

L 

L 

H 

H 

H 

H 

H 

H 

H 

L 

H 

H 

H 

H 

L 

L 

H 

H 

H 

H 

H 

H 

H 

H 

L 

X 

X 

X 

L 

L 

L 

H 

H 

H 

H 

H 

H 

H 

H 

X 

X 

X 

H 

L 

L 

H 

H 

H 

H 

H 

H 

H 

H 

X 

X 

X 

L 

H 

L 

H 

H 

H 

H 

H 

H 

H 

H 

X 

X 

X 

H 

H 

L 

H 

H 

H 

H 

H 

H 

H 

H 

X 

X 

X 

H 

L 

H 

H 

H 

H 

H 

H 

H 

H 

H 

X 

X 

X 

L 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

X 

X 

X 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 
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Applications of the 8205 

The 8205 can be used in a wide variety of applications in 
microcomputer systems. I/O ports can be decoded from the 
address bus, chip select signals can be generated to select 
memory devices and the type of machine state such as in 
8008 systems can be derived from a simple decoding of the 
state lines (SO, SI, S2) of the 8008 CPU. 

I/O PORT DECODER 

Shown in the figure below is a typical application of the 
8205. Address input lines are decoded by a group of 8205s 
(3). Each input has a binary weight. For example, A0 is as- 
signed a value of 1 and is the LSB; A4 is assigned a value of 
16 and is the MSB. By connecting them to the decoders as 
shown, an active low signal that is exclusive in nature and 
represents the value of the input address lines, is available at 
the outputs of the 8205s. 

This circuit can be used to generate enable signals for I/O 
ports or any other decoder related application. 

Note that no external gating is required to decode up to 24 
exclusive devices and that a simple addition of an inverter 
or two will allow expansion to even larger decoder net- 
works. 


CHIP SELECT DECODER 

Using a very similar circuit to the I/O port decoder, an ar- 



Figure 4. I/O Port Decoder 


ray of 8205s can be used to create a simple interface to a 
24K memory system. 

The memory devices used can be either ROM or RAM and 
are IK in storage capacity. 2708s and 2114As are devices 
typically used for this application. This type of memory 
device has ten (10) address inputs and an active “low” 
chip select (CS). The lower order address bits AQ-A9 
which come from the microprocessor are “bussed” to all 
memory elements and the chip select to enable a specific 
device or group of devices comes from the array of 8205s. 
The output of the 8205 is active low so it is directly compat- 
ible with the memory components. 

Basic operation is that the CPU issues an address to identify 
a specific memory location in which it wishes to “write'' or 
"read" data. The most significant address bits A10-A14 are 
decoded by the array of 8205s and an exclusive, active low, 
chip select is generated that enables a specific memory de- 
vice. The least significant address bits A0-A9 identify a 
specific location within the selected device. Thus, all ad : 
dresses throughout the entire memory array are exclusive 
in nature and are non-redundant. 

This technique can be expanded almost indefinitely to sup- 
port even larger systems with the addition of a few inverters 
and an extra decoder (8205). 



Figure 5. 24K Memory Interface 
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ABSOLUTE MAXIMUM RATINGS* 


Temperature Under Bias: 

Ceramic /. -65°C to +125°C 

Plastic -65°C to +75°C 

Storage Temperature -65°C to +160°C 

All Output or Supply Voltages -0.5 to +7 Volts 

All Input Voltages -1.0 to +5.5 Volts 

Output Currents 125 m A 


* NOTICE: Stresses above those listed under “Absolute 
Maximum Ratings” may cause permanent damage to the 
device. This is a stress rating only and functional opera- 
tion of the device at these or at any other condition above 
those indicated in the operational sections of this specifi- 
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 


D.C. CHARACTERISTICS (T A = 0°C to +75°C, V C c = 5V ±5%) 


Symbol 

Parameter 

^ Limit 

Unit 

Test Conditions 

Min. 

Max. 

*F 

INPUT LOAD CURRENT 


-0 25 

mA 

V cc = 5.25V, V p = 0.45V 

<H 

INPUT LEAKAGE CURRENT 


10 

PA 

V cc = 5 25V, V R = 5.25V 

v c 

INPUT FORWARD CLAMP VOLTAGE 


-1 0 

V 

V cc = 4 75V, l c = -5.0 mA 

V OL 

OUTPUT “LOW" VOLTAGE 


0 45 

V 

V cc = 4 75V, l QL = 10.0 mA 

V OH 

OUTPUT HIGH VOLTAGE 

24 


V 

v cc =4 - 75V - l OH=- , - 5mA 

V 

INPUT “LOW” VOLTAGE 


0.85 

V 

V CC = 5 0V 

V ,H 

INPUT “HIGH" VOLTAGE 

2.0 


V 

V cc = 5 0V 

‘sc 

OUTPUT HIGH SHORT 
CIRCUIT CURRENT 

-40 

-120 

mA 

V cc = 5.0V, V QUT = 0V 

v ox 

OUTPUT “LOW" VOLTAGE 
@ HIGH CURRENT 


08 

V 

V CC =5 0V ' 'ox = 40mA 

! cc 

POWER SUPPLY CURRENT 


70 

- 

mA 

V cc = 5 25V 


A.C. CHARACTERISTICS (T A = 0°C to +75°C, Vqc = 5V ±5%; unless otherwise specified) 


Symbol 

Parameter 

Max. Limit 

Unit , 

Test Conditions 

*+ + 

ADDRESS OR ENABLE TO 
OUTPUT DELAY 

18 

ns 


t_ + 

18 

ns 


t + _ 

18 

ns 


t__ 

18 

ns 


c u; 

INPUT CAPACITANCE P8205 

4(typ ) 

pF 

f = 1 MHz, Vcc = ov 
V B IAS =2.0 V,T a -25<>C 

C8205 

5{typ.) 

pF 


1 This parameter is periodically sampled and is not 100 o, o tested 


TYPICAL CHARACTERISTICS 


OUTPUT CURRENT VS. 
OUTPUT “LOW'' VOLTAGE 



OUTPUT "LOW" VOLTAGE (V) 


OUTPUT CURRENT VS. 



0 10 20 30 40 50 

OUTPUT HIGH VOLTAGE (V) 


DATA TRANSFER FUNCTION 



0 2 4 6 8 101214161820 

INPUT VOLTAGE (V) 
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TYPICAL CHARACTERISTICS (Continued) 


ADDRESS OR ENABLE TO OUTPUT 
DELAY VS. LOAD CAPACITANCE 



ADDRESS OR ENABLE TO OUTPUT 
DELAY VS. AMBIENT TEMPERATURE 



25 50 

AMBIENT TEMPERATURE (°C) 


SWITCHING CHARACTERISTICS 


CONDITIONS OF TEST: 

Input pulse amplitudes: 2.5V 

Input rise and fall times: 5 nsec 
between IV and 2 V 

Measurements are made at 1.5V 


TEST LOAD 



WAVEFORMS 
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8224 

CLOCK GENERATOR AND DRIVER 
FOR 8080A CPU 


■ Single Chip Clock Generator/Driver for 
8080A CPU 

■ Power-Up Reset for CPU 

■ Ready Synchronizing Flip-Flop 

■ Advanced Status Strobe , 


■ Oscillator Output for External System 
Timing 

■ Crystal Controlled for Stable System 
Operation 

■ Reduces System Package Count 

■ Available in EXPRESS 

- Standard Temperature Range 


The Intel® 8224 Is a smgle chip clock generator/driver for the 8080A CPU. It is controlled by a crystal, selected by the 
designer to meet a variety of system speed requirements. 

Also included are circuits to provide power-up reset, advance status strobe, and synchronization of ready. 

The 8224 provides the designer with a significant reduction of packages used to generate clocks and timing for 8080A. 


s 



RESET 

1 

16 

RESIN ( 

2 

15 

RDYIN 1 

3 

14 

READY | 

4 

13 

SYNC| 

5 

8224 

12 

0 2 (TTL) | 

6 

11 

STSTB | 

7 

10 

gnd| 

8 

9 


p 


XTAL 1 
XTAL2 
TANK 
OSC 


4 >, 

h 


Resin 

RESET INPUT 

RESET 

RESET OUTPUT 

RDYIN 

READY INPUT 

READY 

READY OUTPUT 

SYNC 

SYNC INPUT 

STSTB 

STATUS STB 
(ACTIVE LOW) 

0 1 

| 8080 
( CLOCKS 

0 2 


XTAL 1 

| CONNECTIONS 
( FOR CRYSTAL 

XTAL 2 

TANK 

USED WITH OVERTONE XTAL 

OSC 

OSCILLATOR OUTPUT 

02 (TTL) 

0 2 CLK (TTL LEVEL) 

Vcc 

+5V 

VpD 

+12V 

GND 

OV 


Figure 1. Block Diagram 


Figure 2. Pin Configuration 
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ABSOLUTE MAXIMUM RATINGS* *NOTICE: Stresses above those listed under “Absolute 


Maximum Ratings’’ may cause permanent damage to the 

Temperature Under Bias 0°C to 70°C device. This is a stress rating only and functional opera- 

Storage Temperature -65°C to 1 50°C tion of the device at these or any other conditions above 

Supply Voltage, Vcc —0.5V to +7V those indicated in the operational sections of this specif i- 

Supply Voltage, Vqd —0.5V to +1 3.5V cation is not implied. Exposure to absolute maximum 

Input Voltage -1 .5V to +7V rating conditions for extended periods may affect device 

Output Current 100mA reliability. 


D.C. CHARACTERISTICS (T a = o°c to 70°c, v cc = +5.ov ±5%, v DD = +12 v ±5%) 




Limits 

— 


Symbol 

Parameter 

Min. 

Typ. 

Max. 

Units 

Test Conditions 

If 

Input Current Loading 



-.25 

mA 

V F = .45V 

•r 

Input Leakage Current 



10 

juA 

V R = 5.25V 

Vc 

Input Forward Clamp Voltage 



1.0 

V 

Iq = -5mA 

V, L 

Input "Low” Voltage 



• 8 

V 

V CC = 5.0V 

V| H 

Input "High" Voltage 

2.6 



V 

Reset Input 



2.0 




All Other Inputs 

V|H'V|L 

RESIN Input Hysteresis 

.25 



V 

V CC = 5.0V 

V 0 L 

Output "Low" Voltage 



.45 

V 

(01,02^ Ready, Reset, STSTB 
Iql = 2.5mA 





.45 

V 

All Other Outputs 
Iql = 15mA 

VoH 

Output "High" Voltage 
01 , 02 

9.4 



V 

Iqh “ -100/iA 


READY, RESET 

3.6 



V 

Ioh = -100/iA 


All Other Outputs 

2.4 



V 

*OH = -1mA 

•cc 

Power Supply Current 



115 

mA 


•dd 

Power Supply Current 

: 


12 

mA 



Note 1 For crystal frequencies of 18MHzconnect510fi registers between theXI inputand ground as 
well as the X2 input and ground to prevent oscillation at harmonic frequencies 


Crystal Requirements 

Tolerance: 0.005% at 0°C-70°C 
Resonance: Series (Fundamental)* 
Load Capacitance: 20-35 pF 
Equivalent Resistance: 75-20 ohms 
Power Dissipation (Min): 4 mW 

‘With tank circuit use 3rd overtone mode 
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A.C. CHARACTERISTICS (V cc = +5.0V ±5%, V DD = + 12.0V ±5%, T a = 0°C to 70°C) 


01 Pulse Width , 


02 Pulse Width 
01 to 02 Delay 


Test 

Conditions 


02 to 0i Delay 


Cl = 20pF to 50pF 


01 to 02 Delay 

01 and 02 Rise Time 

01 and 02 Fall Time 

02 to 02 (TTL) Delay 


02 to STSTB Delay 


ST STB Pulse Width 

RDYIN Setup Time to 
Status Strobe 
RDYIN Hold Time 
After STSTB 

RDYIN or RESIN to 
02 Delay 


CLK Period 


+ 20ns 
9 


®-15ns 

9 


0 2 TTL,CL=3O 
Rt =300ft 
R 2=60012 


STSTB, CL=15pF 
Rl = 2K 
R 2 = 4K 


Ready & Reset 
CL=10pF 
Rt=2K 
R 2 =4K 


Maximum Oscillating 
Frequency 

Input Capacitance 


V CC = + 5.0V 
V dd =+12V 
V B ias=2.5V 
f=1 MHz 


5 ] 
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Intel 


A.C. CHARACTERISTICS (Continued) (For t C y = 488.28 ns) (t a = o°c to 70°c, v DD = +5V ±5%, 

V DD = + 12V ±5%) 




Limits 



Symbol 

Parameter 

Min. 

Typ. 

Max. 

Units 

Test Conditions 

Vi 

01 Pulse Width 

89 



ns 


tcy=488.28ns 

V 2 

02 Pulse Width 

236 



ns 



*D1 

Delay 0 1 to 02 

0 



ns 



*D2 

Delay 02 to 0i 

95 



ns 

- 

_ 0i & 02 Loaded to 

*D3 

Delay 0 y to 02 Leading Edges 

109 


129 

ns 


C L = 20 to 50pF 

tr 

Output Rise Time 



20 

ns 



tf 

Output Fall Time 



20 

ns 



tDSS 

02 to STSTB Delay 

296 


326 

ns 


tD02 

02 t0 02 (TTL) Delay 

-5 


+15 

ns 


tp W 

Status Strobe Pulse Width 

40 



ns 

Ready & Reset Loaded 
to 2mA/10pF 

tDRS 

RDYIN SetupTimeto STSTB 

-167 



ns 

tDRH 

RDYIN Hold Time after STSTB 

217 



ns 

All measurements 

tDR 

READY or RESET 
to 02 Delay 

192 



ns 

referenced to 1 .5 V 
unless specified 
otherwise. 

f MAX 

Oscillator Frequency 



18.432 

MHz 



A.C. TESTING INPUT, OUTPUT WAVEFORM A.C. TESTING LOAD CIRCUIT 




C L INCLUDES JIG CAPACITANCE 
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WAVEFORMS 



CLOCK HIGH AND LOW TIME (USING XI, X2) 
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8228/8238 

SYSTEM CONTROLLER AND BUS DRIVER 
FOR 8080A CPU 



Single Chip System Control for 
MCS-80® Systems 

Built-In Bidirectional Bus Driver for 
Data Bus Isolation 

Allows the Use of Multiple Byte 
Instructions (e.g. CALL) for Interrupt 
Acknowledge 


■ User Selected Single Level Interrupt 
Vector (RST 7) 

■ 28-Pin Dual In-Line Package 

■ Reduces System Package Count 

■ 8238 Had Advanced IOW/MEMW for 
Large System Timing Control 

■ Available in EXPRESS 

- Standard Temperature Range 


The Intel® 8228 is a single chip system controller and bus driver for MCS-80. It generates all signals required to 
directly interface MCS-80 family RAM, ROM, and I/O components. 

A bidirectional bus driver is included to provide high system TTL fan-out. It also provides isolation of the 8080 data bus 
from memory and I/O. This allows for the optimization of control signals, enabling the systems designer to use slower 
memory and I/O. The isolation of the bus driver also provides for enhanced system noise immunity. 

A user selected single level interrupt vector (RST 7) is provided to simplify real time, interrupt driven, small system 
requirements. The 8228 also generates the correct control signals to allow the use of multiple byte instructions (e.g., 
CALL) in response to an interrupt acknowledge by the 8080A. This feature permits large, interrupt driven systems to 
have an unlimited number of interrupt levels. 

The 8228 is designed to support a wide variety of system bus structures and also reduce system package count for 
cost effective, reliable design of the MCS-80 systems. 

Note: The specifications for the 3228/3238 are identical with those for the 8228/8238 



m£M ft 

mmi 

i7or 

iTow 

bDSen 

InTS 


STSTB 

1 ' J ~ 

28 

ID V CC 

HLDA [[ 

2 

27 

^i/ow 

WR [[ 

3 

26 

□ MEMW 

DBIN Q 

4 

25 

□ iTor 

DB4 Q 

5 

24 

33 MEMR 

D4 C 

6 

23 

□ iNTA 

DB7 Q 

7 8228/8238 

22 

33 BUSEN 

07 C 

8 

21 

3] D6 

0B3 C 

9 

20 

□ OB6 

D3[[ 

10 

19 

3] 05 

DB2 Q 

11 

18 

□ DBS 

02 C 

12 

17 

IJoi 

dbpC 

13 

16 

□ dbi 

gndC 

14 

15 

33 00 


D7 DO 

DATA BUS (8080 SIDE) 


INTA 

INTERRUPT ACKNOWLEDGE 

DB7 DBO 

DATA BUS (SYSTEM SIDE) 


HlOA 

HLDA (FROM 8080) 

iTor 

I/O READ 


Wfi 

WR (FROM 80801 

l/OW 

I/O WRITE 


BUSEN 

BUS ENABLE INPUT 

MEMR 

MEMORY READ 


STSTS 

STATUS STROBE (FROM 8224) 

MEMW 

MEMORY WRITE 


Vcc 

♦5V 

DBIN 

DBIN (FROM 8080) 


GND 

0 VOLTS 


Figure 1. Block Diagram 
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ABSOLUTE MAXIMUM RATINGS* * NOTICE : Stresses above those listed under “Absolute 


Maximum Ratings” may cause permanent damage to the 
device. This is a stress rating only and functional opera- 

Temperature Under Bias - 0°C to 70 °C tion of the device at these or any other conditions above 

Storage Temperature - 65 °C to 150°C those indicated in the operational sections of this specif i - 

Supply Voltage, V C c - 0.5V to +7V cation is not limited. Exposure to absolute maximum 

Input Voltage - 1 .5V to + 7V rating conditions for extended periods may affect device 

Output Current 100 m A reliability. 


D.C. CHARACTERISTICS (t a - o°c to 70°c, v cc = 5V ±5%) 


Symbol 

Parameter 

Limits 

Unit 

Test Conditions 

Min. 

Typ.Ml 

Max. 

v c 

Input Clamp Voltage, All Inputs 


.75 

-1.0 

V 

V cc = 4.75V; l c ~-5mA 

«f 

Input Load Current, 
STSTB 



500 

pA 

V cc = 5.25V 
V F = 0.45 V 

□ 2 & D 6 a 



750 

juA 

Do* Di , D4, D5, 

& d 7 



250 

ma 

All Other Inputs 



250 

ma 

•r 

Input Leakage Current 
STSTB 



100 

ma 

V CC = 5.25 V 
V R = 5.25V 

DB 0 -DB 7 



20 

liA 

All Other Inputs 



100 

ma 


Vth 

Input Threshold Voltage, All Inputs 

0.8 


2.0 

V 

> 

ID 

II 

O 

£ 

•cc 

Power Supply Current 


140 

190 

mA 

V CC =5.25V 

V 0 L 

Output Low Voltage, 
D 0 D 7 



.45 

V 

V CC =4.75V; l 0 L =2mA 

All Other Outputs 



.45 

V 

Iql = 10mA 

V OH 

Output High Voltage, 
D 0 -D 7 

3.6 

3.8 


V 

Vcc=4.75V;| O H=-10/iA 

All Other Outputs 

2.4 



V 

l 0 H = -1mA 

•os 

Short Circuit Current, All Outputs 

15 


90 

mA 

V CC =5V 

kxoff) 

Off State Output Current, 
All Control Outputs 



100 

pA 

V C c=5.25V;V 0 =5.25 

-100 

pA 

V 0 =.45V 

IlNT 

INTA Current 



5 

mA 

(See INTA Test Circuit) 


Note 1 : Typical values are for T/\ = 25°C and nominal supply voltages. 
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CAPACITANCE (Vbias = 2.5V, Vcc = 5.0V, T a = 25°C, f = 1 MHz) 

This parameter is periodically sampled and not 100% tested. 


Symbol Parameter 

Limits 

Unit 

Min. 

Typ.Ol 

Max. 

Cin Input Capacitance 


8 

12 

pF 

Output Capacitance 
^° UT Control Signals 


7 

15 

PF 

I/O Capacitance 
70 (Dor DB) 


8 

i 

15 

pF 


A.C. CHARACTERISTICS (T a = 0°C to 70°C, V cc = 5V ±5%) 


Symbol 

Parameter 

Limits 

— 

Units 

Condition 

Min. 

Max. 

tpw 

Width of Status Strobe 

22 


ns 


tss 

Setup Time, Status Inputs D 0 -D 7 

8 


ns 


tSH 

Hold Time, Status Inputs D 0 -D 7 

5 


ns 


*00 

Delay from STSTB to any Control Signal 

20 

60 

ns 

C L = lOOpF 

*RR 

Delay from DBIN to Control Outputs 


30 

ns 

C L = lOOpF 

*RE 

Delay from DBIN to Enable/Disable 8080 Bus 


45 

ns 

C L - 25pF 

*RD 

Delay from System Bus to 8080 Bus during Read 


30 

ns 

C L = 25pF 

*WR 

Delay from WR to Control Outputs 

5 

45 

ns 

C L = lOOpF 

*WE 

Delay to Enable System Bus DB 0 -DB 7 after STSTB 


30 

ns 

C L = lOOpF 

*WD 

Delay from 8080 Bus D 0 -D 7 to System Bus 
DB 0 -DB 7 during Write 

5 

40 

ns 

C L = lOOpF 

tE 

Delay from System Bus Enable to System Bus DB 0 -DB 7 


30 

ns 

C L = lOOpF 

*HD 

HLDA to Read Status Outputs 


25 

ns 


tDS 

Setup Time, System Bus Inputs to HLDA 

10 


ns 


tpH 

Hold Time, System Bus Inputs to HLDA 

20 


ns 

C L = lOOpF 



A.C. TESTING LOAD CIRCUIT 
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VOLTAGE MEASUREMENT POINTS: D 0 -D 7 {when outputs) Logic "0" = 0.8V, Logic "1” = 3.0V. All other signals measured 

at 1.5 V. 

"ADVANCED TOW/MEMW FOR 8238 ONLY. 


\ 
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8237A/8237A-4/8237A-5 
HIGH PERFORMANCE 
PROGRAMMABLE DMA CONTROLLER 

■ High performance: Transfers up to 1.6M 
Bytes/Second with 5 MHz 8237A-5 

■ Directly Expandable to any Number of 
Channels 

■ End of Process Input for Terminating 
Transfers 

■ Software DMA Requests 

■ Independent Polarity Control for DREQ 
and DACK Signals 

■ Available in EXPRESS 
- Standard Temperature Range 

The 8237A Multimode Direct Memory Access (DMA) Controller is a peripheral interface circuit for microprocessor sys- 
tems. It is designed to improve system performance by allowing external devices to directly transfer information from 
the system memory. Memory-to-memory transfer capability is also provided. The 8237A offers a wide variety of pro- 
grammable control features to enhance data throughput and system optimization and to allow dynamic reconfigura- 
tion under program control. 

The 8237A is designed to be used in conjunction with an external 8-bit address register such as the 8282. It contains 
four independent channels and may be expanded to any number of channels by cascading additional controller chips. 

The three basic transfer modes allow programmability of the types of DMA service by the user. Each channel can be 
individually programmed to Autoinitialize to its original condition following an End of Process (EOP). 

Each channel has a full 64K address and word count capability. 

The 8237A-4 and 8237A-5 are 4 MHz and 5 MHz selected versions of the standard 3 MHz 8237A respectively. 


■ Enable/Disable Control of Individual 
DMA Requests 

■ Four Independent DMA Channels 

■ Independent Autoinitialization of all 
Channels 

■ Memory-to-Memory Transfers 

■ Memory Block Initialization 

■ Address Increment or Decrement 


READY 

CLOCK 

ADSTB 

MEMR 



iofi C 1 
ioW c 2 

MEMR C 3 
MEMW C 4 
(NOTE 11) C 5 
READY C 6 
HLDA C 7 
ADSTB C 8 
AEN C 9 
HRQ C 10 

cs c i 

CLK C 12 
RESET C 13 
DACK2 C 14 
DACK3 C 15 
DREQ3 C 16 
DREQ2 C 17 
DREQ1 C 18 
DREOO C 19 
(GND)Vss C 20 


8237 A/ 
8237 A-4 / 
8237A-5 


40 □ A7 
39 □ A6 
38 □ A5 
37 □ A4 
36 □ E5P 
35 □ A3 
34 □ A2 
33 □ A1 
32 □ AO 
31 □ V CC ( + 5V) 
30 □ DBO 
29 □ DB1 
28 □ DB2 
27 □ DB3 
26 □ DB4 
25 □ DACKO 
24 □ DACK1 
23 □ DB5 
22 □ DB6 
21 □ DB7 


Figure 1. Block Diagram 


Figure 2. 

Pin Configuration 
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Table 1. Pin Description 


Symbol 

Type 

Name and Function 



ory-to-memory operations, data 
from the memory comes into the 
8237A on the data bus during the 
read-from-memory transfer. In the 
write-to-memory transfer, the data 
bus outputs place the data into the 
new memory location. 

IOR 

I/O 

I/O Read: I/O Read is a bidirec- 
tional active low three-state line. In 
the Idle cycle, it is an input control 
signal used by the CPU to read the 
control registers. In the Active cy- 
cle, it is an output control signal 
used by the 8237A to access data 
from a peripheral during a DMA 
Write transfer. 

low 

I/O 

I/O Write: I/O Write is a bidirec- 
tional active low three-state line. In 
the Idle cycle, it is an input control 
signal used by the CPU to load in- 
formation into the 8237A. In the Ac- 
tive cycle, it is an output control 
signal used by the 8237A to load 
data to the peripheral during a 
DMA Read transfer. 

EOP 

0 

\ 

I/O 

End of Process: End of Process is 
an active low bidirectional signal. 
Information concerning the com- 
pletion of DMA services is avail- 
able at the bidirectional EOP pin. 
The 8237A allows an external sig- 
nal to terminate an active DMA 
service. This is accomplished by 
pulling the EOP input low with an 
external EOP signal. The 8237A al- 
so generates a pulse when the ter- 
minal count (TC) for any channel is 
reached. This generates an EOP 
signal which is output through the 
EOP Line. The reception of EOP, 
either internal or external, will 
cause the 8237A to terminate the 
service, reset the request, and, if 
Autoinitialize is enabled, to write 
the base registers to the current 
registers of that channel. The mask 
bit and TC bit in the status word 
will be set for the currently active 
channel by EOP unless the channel 
is programmed for Autoinitialize. In 
that case, the mask bit remains un- 
changed During memory-to-memory 
transfers, EOP will be output when 
the TC for channel 1 occurs. EOP 
should be tied high with a pull-up 
resistor if it is not used to prevent 
erroneous end of process inputs. 

A0-A3 

1 

I/O 

1 

Address: The four least significant 
address lines are bidirectional 
three-state signals. In the Idle cy- 
cle they are inputs and are used by 
the CPU to address the register 
to be loaded or read. In the Active 
cycle they are outputs and provide 
the lower 4 bits of the output 
address. 


Symbol 

Type 

Name and Function 

Vcc 


Power: + 5 volt supply. 

Vss 


Ground: Ground. 

CLK 

1 

Clock Input: Clock Input controls 
the internal operations of the 
8237A and its rate of data trans- 
fers. The input may be driven at up 
to 3 MHz for the standard 8237A 
and up to 5 MHz for the 8237A-5. 

CS 

1 

Chip Select: Chip Select is an ac- 
tive low input used to select the 
8237A as an I/O device during the 
Idle cycle. This allows CPU com- 
munication on the data bus. 

RESET 

1 

Reset: Reset is an active high in- 
put which clears the Command, 
Status, Request and Temporary 
registers. It also clears the 
first/last flip/flop and sets the 
Mask register. Following a Reset 
the device is in the Idle cycle. 

READY 


Ready: Ready is an input used to 
extend the memory read and write 
pulses from the 8237A to accom- 
modate slow memories or I/O per- 
ipheral devices. Ready must not 
make transitions during its speci- 
fied setup/hold time. 

HLDA 

1 

Hold Acknowledge: The active 
high Hold Acknowledge from the 
CPU indicates that it has relin- 
quished control of the system 
busses. 

DREQ0-DREQ3 

1 

DMA Request: The DMA Request 
lines are individual asynchronous 
channel request inputs used by pe- 
ripheral circuits to obtain DMA 
service. In fixed Priority, DREQO 
has the highest priority and 
DREQ3 has the lowest priority. A 
request is generated by activating 
the DREQ line of a channel. DACK 
will acknowledge the recognition 
of DREQ signal. Polarity of DREQ 
is programmable. Reset intializes 
these lines to active high. DREQ 
must be maintained until the corre- 
sponding DACK goes active. 

DB0-DB7 

I/O 

Data Bus: The Data Bus lines are 
bidirectional three-state signals 
connected to the system data bus. 
The outputs are enabled in the Pro- 
gram condition during the I/O Read 
to output the contents of an Ad- 
dress register, a Status register, 
the Temporary register or a Word 
Count register to the CPU. The out- 
puts are disabled and the inputs 
are read during an I/O Write cycle 
when the CPU is programming the 
8237A control registers. During 
DMA cycles the most significant 8 
bits of the address are output onto 
the data bus to be strobed into an 
external latch by ADSTB. In mem- 
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Table 1. Pin Description (Continued) 


Symbol 

Type 

Name and Function 

A4-A7 

0 

Address: The four most significant 
address lines are three-state out- 
puts and provide 4 bits of address. 
These lines are enabled only during 
the DMA service.* 

HRQ 

0 

Hold Request: This is the Hold Re- 
quest to the CPU and is used to re- 
quest control of the system bus. If 
the corresponding mask bit is 
clear, the presence of any valid 
DREQ causes 8237A to issue the 
HRQ. After HRQ goes active at 
least one clock cycle (TCY) must 
occur before HLDA goes active. 

DACK0-DACK3 

0 

DMA Acknowledge: DMA Ac- 
knowledge is used to notify the in- 
dividual peripherals when one has 
been granted a DMA cycle. The 
sense of these lines is program- 
mable. Reset initializes them to ac- 
tive low. 


FUNCTIONAL DESCRIPTION 


The 8237A block diagram includes the major logic 
blocks and all of the internal registers. The data inter- 
connection paths are also shown. Not shown are the 
various control signals between the blocks. The 8237A 
contains 344 bits of internal memory in the form of 
registers. Figure 3 lists these registers by name and 
shows the size of each. A detailed description of the 
registers and their functions can be found under 
Register Description. 


Name 

Size 

Number 

Base Address Registers 

16 bits 

4 

Base Word Count Registers 

16 bits 

4 

Current Address Registers 

16 bits 

4 

Current Word Count Registers 

16 bits 

4 

Temporary Address Register 

16 bits 

1 

Temporary Word Count Register 

16 bits 

1 

Status Register 

8 bits 

1 

Command Register 

8 bits 

1 

Temporary Register 

8 bits 

1 

Mode Registers 

6 bits 

4 

Mask Register 

4 bits 

1 

Request Register 

4 bits 

.1 


Figure 3. 8237A Internal Registers 

The 8237A contains three basic blocks of control logic. 
The Timing Control block generates internal timing and 
external control signals for the 8237A. The Program 
Command Control block decodes the various com- 
mands given to the 8237A by the microprocessor prior 
to servicing a DMA Request. It also decodes the Mode 
Control word used t 9 select the type of DMA during the 
servicing. The Priority Encoder block resolves priority 
contention between DMA channels requesting service 
simultaneously. 

The Timing Control block derives internal timing from 
the clock input. In 8237A systems this input will usually 


Symbol 

Type 

Name and Function 

AEN 

0 

Address Enable: Address Enable 
enables the 8-bit latch containing 
the upper 8 address bits onto the 
system address bus. AEN can also 
be used to disable other system bus 
drivers during DMA transfers. AEN 
is active HIGH. 

ADSTB 

0 

Address Strobe: The active high, 
Address Strobe is used to strobe the 
upper address byte into an external 
latch. 

MEMR 

0 

Memory Read: The Memory Read 
signal is an active low three-state 
output used to access data from the 
selected memory location during a 
DMA Read or a memory-to-memory 
transfer. 

MEMW 

0 

Memory Write: The Memory Write 
is an active low three-state output 
used to write data to the selected 
memory location during a DMA 
Write or a memory-to-memory 
transfer. 

be the </> 2 TTL 

clock 

from an 8224 or CLK from an 


8085AH or 8284A. For 8085AH-2 systems above 3.9 MHz, 
the 8085 CLK(OUT) does not satisfy 8237A-5 clock LOW 
and HIGH time requirements. In this case, an external 
clock should be used to drive the 8237A-5. 

DMA Operation 

The 8237 A is designed to operate in two major cycles. 
These are called Idle and Active cycles. Each device cy- 
cle is made up of a number of states. The 8237A can 
assume seven separate states, each composed of one 
full clock period. State I (SI) is the inactive state. It is 
entered when th6 8237A has no valid DMA requests 
pending. While in SI, the DMA controller is inactive but 
may be in the Program Condition, being programmed by 
the processor. State SO (SO) is the first state of a DMA 
service. The 8237A has requested a hold but the pro- 
cessor has not yet returned an acknowledge. The 8237A 
may still be programmed until it receives HLDA from the 
CPU. An acknowledge from the CPU will signal that 
DMA transfers may begin. SI, S2, S3 and S4 are the 
working states of the DMA service. If more time is 
needed to complete a transfer than is available with nor- 
mal timing, wait states (SW) can be inserted between S2 
or S3 and S4 by the use of the Ready line on the 8237A. 
Note that the data is transferred di rectl y fr om the I/O 
device to m emo ry (or vice versa) with IOR and MEMW (or 
MEMR and IOW) being active at the same time. The data 
is not read into or driven out of the 8237A in l/O-to- 
memory or memory-to-l/O DMA transfers. 

Memory-to-memory transfers require a read-from and a 
write-to-memory to complete each transfer. The states, 
which resemble the normal working states, use two 
digit numbers for identification. Eight states are re- 
quired for a single transfer. The first four states (S1 1, 
SI 2, SI 3, SI 4) are used for the read-from-memory half 
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and the last four states (S21 , S22, S23, S24) for the write- 
to-memory half of the transfer. 

IDLE CYCLE 

When no channel is requesting service, the 8237A will 
enter the Idle cycle and perform “SI” states. In this 
cycle the 8237A will sample the DREQ lines every clock 
cycle to determine if any channel is requesting a DMA 
service. The device will also sample CS, looking for an 
attempt by the microprocessor to vvrite or read the inter- 
nal registers of the 8237A. When CS is low and HLDA is 
low, the 8237A enters the Program Condition. The CPU 
can now establish, change or inspect the internal defini- 
tion of the part by reading from or writing to the internal 
registers. Address lines A0-A3 are inputs to the device 
and sele ct w hich registers will be read or written. The 
IOR and IOW lines are used to select and time reads or 
writes. Due to the number and size of the internal regis- 
ters, an internal flip-flop is used to generate an addi- 
tional bit of address. This bit is used to determine the 
upper or lower byte of the 16-bit Address and Word 
Count registers. The flip-flop is reset by Master Clear or 
Reset. A separate software command can also reset this 
flip-flop. 

Special software commands can be executed by the 
8237A in the Program Condition. These com mands are 
decoded as sets of addresses with the CS and IOW. The 
commands do not make use of the data bus. Instruc- 
tions include Clear First/Last Flip-FLop and Master 
Clear. 

ACTIVE CYCLE 

When the 8237A is in the Idle cycle and a non-masked 
channel requests a DMA service, the device will output 
an HRQ to the microprocessor and enter the Active cy- 
cle. It is in this cycle that the DMA service will take 
place, in one of four modes: ^ 

Single Transfer Mode — In Single Transfer mode the 
device is programmed to make one transfer only. The 
word count will be decremented and the address dec- 
remented or incremented following each transfer. When 
the word count “rolls over” from zero to FFFFH, a Ter- 
minal Count (TC) will cause an Autoinitialize if the chan- 
nel has been programmed to do so. 

DREQ must be held active until DACK becomes active in 
order to be recognized. If DREQ is held active through- 
out the single transfer, HRQ will go inactive and release 
the bus to the system. It will again go active and, upon 
receipt of a new HLDA, another single transfer will be 
performed, in 8080A, 8085AH, 8088, or 8086 system this 
will ensure one full machine cycle execution between 
DMA transfers. Details of timing between the 8237A and 
other bus control protocols will depend upon the char- 
acteristics of the microprocessor involved. 

Block Transfer Mode — In Block Transfer mode the 
device is activated by DREQ to continue making trans- 
fers during the service until a TC, caused by wor d cou nt 
going to FFFFH, or an external End of Process (EOP) is 
encountered. DREQ need only be held active until DACK 


becomes active. Again, an Autoinitialization will occur 
at the end of the service if the channel has been pro- 
grammed for it. 

Demand Transfer Mode — In Demand Transfer mode the 
device is programm ed to continue making transfers 
until a TC or external EOP is encountered or until DREQ 
goes inactive. Thus transfers may continue until the I/O 
device has exhausted its data capacity. After the I/O 
device has had a chance to catch up, the DMA service is 
re-established by means of a DREQ. During the time 
between services when the microprocessor is allowed 
to operate, the intermediate values of address and word 
count are stored in the 8237A Curren t Ad dress and Cur- 
rent Word Count registers. Only an E OP c an cause an 
Autoinitialize at the end of the service. EOP is generated 
either by TC or by an external signal. 

Cascade Mode-This mode is used to cascade more than one 
8237A together for simple system expansion. The HRQ and 
HLDA signals from the additional 8237A are connected to the 
DREQ and DACK signals of a channel of the initial 6237A. 
This allows the DMA requests of the additional device to 
propagate through the priority network circuitry of the preced- 
ing device. The priority chain is preserved and the new device 
must wait for its turn to acknowledge requests. Since the 
cascade channel of the initial 8237A is used only for prior- 
itizing the additional device, it does not output any address 
or control signals of its own. These could conflict with the 
outputs of the active channel in the added device. The 8237A 
will respond to DREQ and DACK but all other outputs except 
HRQ will be disabled. The ready input is ignored. 

Figure 4 shows two additional devices cascaded into an 
initial device using two of the previous channels. This 
forms a two level DMA system. More 8237 As could be 
added at the second level by using the remaining chan- 
nels of the first level. Additional devices can also be 
added by cascading into the channels of the second 
level devices, forming a third level. 



ADDITIONAL 

DEVICES 


Figure 4. Cascaded 8237As 
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TRANSFER TYPES 

Each of the three active transfer modes can perform three 
different types of transfers. These are Read, Write and Verify. 
Write transfers move data from and I/O device to the memory 
by activating MEMW and IOR. Read tr ansfers mov e dat a from 
memory to an I/O device by activating MEMR and IOW. Verify 
transfers are pseudo transfers. The 8237A operates as in 
Read or Write transfers generating addresses, and responding 
to EOP, etc. However, the memory and I/O control lines all 
remain inactive. The ready input is ignored in verify mode. 

Memory-to-Memory-To perform block moves of data from 
one memory address space to another with a minimum of 
program effort and time, the 8237A incjudes a memory-to- 
memory transfer feature. Programming a bit in the Command 
register selects channels 0 to 1 to operate as memory-to- 
memory transfer channels. The transfer is initiated by setting 
the software DREQ for channel 0. The 8237A requests a DMA 
service in the normal manner. After HLDA is true, the device, 
using four state transfers in Block Transfer mode, reads data 
from the memory. The channel 0 Current Address register is 
the source for the address used and is decremented or incre- 
mented in the normal manner. The data byte read from the 
memory is stored in the 8237A internal Temporary register. 
Channel 1 then performs a four-state transfer of the data from 
the Temporary register to memory using the address in its 
Current Address register and incrementing or decrementing it 
in the normal manner. The channel 1 current Word Count is 
decremented. When the word coun t of c hannel 1 goes to 
FFFFH, a TC is generated causing an EOP output terminating 
the service. 

Channel 0 may be programmed to retain the same ad- 
dress for all transfers. This allows a single word to be 
written to a block of memory. 

The 8237A will* respond to external EOP signals during 
memory-to-memory transfers. Data comparators in 
block search schemes may use this input to terminate 
the service when a match is found. The timing of 
memory-to-memory transfers is found in Figure 12. 
Memory-to-memory operations can be detected as an 
active AEN with no DACK outputs. 

Autoinitialize- By programming a bit in the Mode register, a 
channel may be set up as an Autoinitialize channel. During 
Autoinitialize initialization, the original values of the Current 
Address and Current Word Count registers are automatically 
restored from the Base Ad dress and Base Word count registers 
of that channel following EOP. The base registers are loaded 
simultaneously with the current registers by the micropro- 
cessor and remain unchanged throughout the DMA service. 
The mask bit is not altered when the channel is in Autoinitialize. 
Following Autoinitialize the channel is ready to perform 
another DMA service, without CPU intervention, as soon as a 
valid DREQ is detected. In order to Autoninitialize both chan- 
nels in a memory-to-memory transfer, both word counts s hould 
be programmed identically. If interrupted externally, EOP 
pulses should be applied in both bus cycles. 

Priority-The 8237A has two types of priority encoding avail- 
able as software selectable options. The first is Fixed Priority 


which fixes the channels in priority order based upon the 
descending value of their number. The channel with the lowest 
priority is 3 followed by 2, 1 and the highest priority channel, 
0. After the recognition of any one channel for service, the 
other channels are prevented from interferring with that ser- 
vice until it is completed. 

The second scheme is Rotating Priority. The last chan- 
nel to get service becomes the lowest priority channel 
with the others rotating accordingly. 


1st 

Service 


2nd 

Service 


3rd 

Service 


highest 0 

1 
2 

lowest 3 


service 



service 

request 



service 


With Rotating Priority in a single chip DMA system, any 
device requesting service is guaranteed to be recog- 
nized after no more than three higher priority services 
have occurred. This prevents any one channel from 
monopolizing the system. 

Compressed Timing — In order to achieve even greater 
throughput where system characteristics permit, the 
8237A can compress the transfer time to two clock 
cycles. From Figure 11 it can be seen that state S3 is 
used to extend the access time of the read pulse. By 
removing state S3, the read pulse width is made equal to 
the write pulse width and a transfer consists only of 
state S2 to change the address and state S4 to perform 
the read/write. SI states will still occur when A8-A15 
need updating (see Address Generation). Timing for 
compressed transfers is found in Figure 14. 

Address Generation — In order to reduce pin count, the 
8237A multiplexes the eight higher order address bits 
on the data lines. State SI is used to output the higher 
order address bits to an external latch from which they 
may be placed on the address bus. The falling edge of 
Address Strobe (ADSTB) is used to load these bits from 
the data lines to the latch. Address Enable (AEN) is used 
to enable the bits onto the address bus through a three- 
state enable. The lower order address bits are output by 
the 8237A directly. Lines A0-A7 should be connected to 
the address bus. Figure 11 shows the time relationships 
between CLK, AEN, ADSTB, DB0-DB7 and A0-A7. 

During Block and Demand Transfer mode services, 
which include multiple transfers, the addresses gener- 
ated will be sequential. For many transfers the data held 
in the external address latch will remain the same. This 
data need only change when a carry or borrow from A7 
to A8 takes place in the normal sequence of addresses. 
To save time and speed transfers, the 8237A executes 
SI states only when updating of A8-A15 in the latch is 
necessary. This means for long services, SI states and 
Address Strobes may occur only once every 256 trans- 
fers, a savings of 255 clock cycles for each 256 
transfers. 
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REGISTER DESCRIPTION 


Current Address Register — Each channel has a 16-bit 
Current Address register. This register holds the value 
of the address used during DMA transfers. The address 
is automatically incremented or decremented after each 
transfer and the intermediate values of the address are 
stored in the Current Address register during the trans- 
fer. This register is written or read by the micro- 
processor in successive 8-bit bytes. It may also be reini- 
tialized by an Autoinitialize back to it s ori ginal value. 
Autoinitialize takes place only after an EOP. 

Current Word Register — Each channel has a 16-bit Cur- 
rent Word Count register. This register determines the 
number of transfer^ to be performed. The actual number 
of transfers will be one more than the number pro- 
grammed in the Current Word Count register (i.e., pro- 
gramming a count of 100 will result in 101 transfers). The 
word count is decremented after each transfer. The 
intermediate value of the word count is stored in the reg- 
ister during the transfer. When the value in the register 
goes from zero to FFFFH, a TC will be generated. This 
register is loaded or read in successive 8-bit bytes by 
the microprocessor in the Program Condition. Follow- 
ing the end of a DMA service it may also be reinitialized 
by an Autoinitialization back to i ts or iginal value. Auto- 
initialize can occur only when an EOP occurs. If it is not 
Autoinitialized, this register will have a count of FFFFH 
after TC. 

Base Address and Base Word Count Registers — Each 
channel has a pair of Base Address and Base Word 
Count registers. These 16-bit registers store the original 
value of their associated current registers. During Auto- 
initialize these values are used to restore the current 
registers to their original values. The base registers are 
written simultaneously with their corresponding current 
register in 8-bit bytes in the Program Condition by the 
microprocessor. These registers cannot be read by the 
microprocessor. 

Command Register — This 8-bit register controls the 
operation of the 8237A. It is programmed by the micro- 
processor in the Program Condition and is cleared by 
Reset or a Master Clear instruction. The following table 
lists the function of the corhmand bits. See Figure 6 for 
address coding. 

Mode Register — Each channel has a 6-bit Mode regis- 
ter associated with it. When the register is being written 
to by the microprocessor in the Program Condition, bits 
0 and 1 determine which channel Mode register is to be 
written. 

Request Register — The 8237A can respond to requests 
for DMA service which are initiated by software as well 
as by a DREQ. Each channel has a request bit associ- 
ated with it in the 4-bit Request register. These are non- 
maskable and subject to prioritization by the Priority 
Encoder network. Each register bit is set or reset sepa- 


Command Register 


7 6 5 4 3 2 1 0 



Bit Number 


Memory-to-memory disable 
Memory-to-memory enable 

Channel 0 address hold disable 
Channel 0 address hold enable 
If bit 0=0 

Controller enable 
Controller disable 

Normal timing 
Compressed timing 
If bit 0=1 

Fixed priority 
Rotating priority 

Late write selection 
Extended write selection 
If bit 3=1 

DREQ sense active high 
DREQ sense active low 

DACK sense active low 
DACK sense active high 


Mode Register 

7 6 5 4 3 2 1 0 Bit Number 


00 Channel 0 select 

01 Channel 1 select 

10 Channel 2 select 

11 Channel 3 select 

' 00 Verify transfer 
01 Write transfer 
- 10 Read transfer 
11 Illegal 

, XX If bits 6 and 7 = 11 

j 0 Autoinitialization disable 
1 1 Autoinitialization enable 

J 0 Address increment select 
1 1 Address decrement select 

00 Demand mode select 

01 Single mode select 

10 Block mode select 

11 Cascade mode select 

Request Register 




7 6 5 4 3 2 1 0 

rrr i rn n 


-Bit Number 


Don’t Care 


'““j / 00 Select channel 0 

j I 01 Select channel 1 

j 10 Select channel 2 
1 11 Select channel 3 


L ( 0 Reset request bit 

I 1 Set request bit 

rately under software cont rol or is cleared upon genera- 
tion of a TC or external lOP. The entire register is 
cleared by a Reset. To set or reset a bit, the software 
loads the proper form of the data word. See Figure 5 for 
register address coding, in order to make a software re- 
quest, the channel must be in Block Mode. 


2-62 



8237 A/8237 A-4/ 8237 A-5 


intel 


Mask Register — Each channel has associated with it a 
mask bit which can be set to disable the incoming 
DREQ. Each mask bit is set when its associated channel 
produces an EOP if the channel is not programmed for 
Autoinitialize. Each bit of the 4-bit Mask register may 
also be set or cleared separately under software control. 
The entire register is also set by a Reset. This disables 
all DMA requests until a clear Mask register instruction 
allows them to occur. The instruction to separately set 
or clear the mask bits is similar in form to that used with 
the Request register. See Figure 5 for instruction ad- 
dressing. 


7 6 5 4 3 2 1 0 *+ Bit Number 



00 Select channel 0 mask bit 

01 Select channel 1 mask bit 

10 Select channel 2 mask bit 

11 Select channel 3 mask bit 

0 Clear mask bit 

1 Set mask bit 


Bit Number 


Channel 0 has reached TC 
Channel 1 has reached TC 
Channel 2 has reached TC 
Channel 3 has reached TC 

Channel 0 request 
Channel 1 request 
Channel 2 request 
Channel 3 request 

Temporary Register — The Temporary register is used 
to hold data during memory-to-memory transfers. Fol- 
lowing the completion of the transfers, the last word 
moved can be read by the microprocessor in the Pro- 
gram Condition. The Temporary register always con- 
tains the last byte transferred in the previous memory- 
to-memory operation, unless cleared by a Reset. 

Software Commands-These are additional special software 
commands which can be executed in the Program Condition. 
They do pot depend on any specific bit pattern on the data 
bus. The three software commands are: 


7654321 0 



All four bits of the Mask register may also be written 
with a single command. 


7 6 5 4 3 2 1 0 



Bit Number 


Clear channel 0 mask bit 
Set channel 0 mask bit 

Clear channel 1 mask bit 
Set channel 1 mask bit 

Clear channel 2 mask bit 
Set channel 2 mask bit 

Clear channel 3 mask bit 
Set channel 3 mask bit 


Register 

Operation 

Signals | 

CS 

IOR 

low 

A3 

A2 

A1 

A0 

Command 

Write 

0 

1 

0 

1 

0 

0 

0 

Mode 

Write 

0 

1 

0 

1 

0 

1 

1 

Request 

Write 

0 

1 

0 

1 

0 

0 

1 

Mask 

Set/Reset 

0 

1 

0 

1 

0 

1 

0 

Mask 

Write 

0 

1 

0 

1 

1 

1 

1 

Temporary 

Read 

0 

0 

1 

1 

1 

0 

1 

Status 

Read 

0 

0 

1 

1 

0 

0 

0 


Figure 5. Definition of Register Codes 


Status Register — The Status register is available to be 
read out of the 8237A by the microprocessor. It contains 
information about the status of the devices at this point. 
This information includes which channels have reached 
a terminal count and which channels have pending DMA 
requests. Bits 0-3 are set ev ery t ime a TC is reached by 
that channel or an external EOP is applied. These bits 
are cleared upon Reset and on each Status Read. Bits 
4-7 are set whenever their corresponding channel is 
requesting service. 


Clear First/Last Flip-Flop: This command is executed 
prior to writing or reading new address or word count 
information to the 8237A. This initializes the flip-flop 
to a known state so that subsequent accesses to reg- 
ister contents by the microprocessor will address 
upper and lower bytes in the correct sequence. 

Master Clear: This software instruction has the same 
effect as the hardware Reset. The Command, Status, 
Request, Temporary, and Internal First/Last Flip-Flop 
registers are cleared and the Mask register is set. The 
8237A will enter the Idle cycle. 

Clear Mask Register: This command clears the mask 
bits of all four channels, enabling them to accept 
DMA requests. 

Figure 6 lists the address codes for the software com- 
mands: 


Signals 

Operation 

A3 

A2 

A1 

AO 

IOR 

IOW 

1 

0 

0 

0 

0 

1 

Read Status Register 

1 

0 

0 

0 

1 

0 

Write Command Register 

1 

0 

0 

1 

0 

1 

Illegal 

1 

0 

0 

1 

1 

0 

Write Request Register 

1 

0 

1 

0 

0 

1 

Illegal 

1 

0 

1 

0 

1 

0 

Write Single Mask Register Bit 

1 

0 

1 

1 

0 

! 

Illegal 

1 

0 

1 

1 

1 

0 

Write Mode Register 

1 

1 

0 

0 

0 

1 

Illegal 

1 

1 

0 

0 

1 

0 

Clear Byte Pointer Fhp/Flop 

1 

1 

0 

1 

0 

1 

Read Temporary Register 

1 

1 

0 

1 

1 

0 

Master Clear 

1 

t 

1 

0 

0 

1 

Illegal 

1 

1 

1 

0 

1 

0 

Clear Mask Register 

1 

" 1 

1 

1 

0 

1 

Illegal 

1 

1 

1 

1 

1 

0 

Write All Mask Register Bits 


Figure 6. Software Command Codes 
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Channel 

Register 

Operation 

Signals 

Internal Flip-Flop 

Data Bus DB0-DB7 

CS 

10 R 

low 

A3 

A2 

A1 

AO 

0 • 

' Base and Current Address 

Write 

0 

1 

0 

0 

0 

0 

0 

0 

A0-A7 




0 

1 

0 

0 

0 

0 

0 

1 

A8-A15 


Current Address 

Read 

0 

0 

1 

0 

0 

0 

0 

0 

A0-A7 




0 

0 

1 

0 

0 

0 

0 

1 

A8-A15 


Base and Current Word Count 

Write' 

0 

1 

0 

0 

0 

0 

1 

0 

WP-W7 




0 

t 

0 

0 

0 

0 

1 

1 

W8-W15 


Current Word Count 

Read 

0 

0 

1 

0 

0 

0 

1 

0 

W)0-W7 




0 

0 

1 

0 

0 

0 

1 

1 

W8-W15 

1 

Base and Current Address 

Write 

0 

1 

0 

0 

0 

1 

0 

0 

A0-A7 




0 

1 

0 

0 

0 

1 

0 

1 

A8-A15 


Current Address 

Read 

0 

0 

1 

0 

0 

1 

0 

0 

A0-A7 




0 

0 

1 

0 

0 

1 

0 

1 

A8-A15 


Base and Current Word Count 

Write 

0 

1 

0 

0 

0 

1 

1 

0 

W0-W7 




0 

1 

0 

0 

0 

1 

1 

1 

W8-W15 


Current Word Count 

Read 

0 

0 

1 

0 

0 

1 

1 

0 

W0-W7 




0 

0 

1 

0 

0 

1 

1 

1 

W8-W15 

2 

Base and Current Address 

Write 

0 

1 

0 

0 

‘ 1 

0 

0 

0 

A0-A7 




0 

1 

0 

0 

1 

0 

0 

1 

A8-A15 


Current Address 

Read 

0 

0 

1 

0 

1 

0 

0 

0 

A0-A7 




0 

0 

1 

0 

1 

0 

0 

1 

A8-A15 


Base and Current Word Count 

Write 

0 

1 

0 

0 

1 

0 

1 

0 

W0-W7 




0 

1 

0 

0 

1 

0 

1 

1 

W8-W15 


Current Word Count 

Read 

0 

0 

1 

0 

1 

0 

1 

0 

W)0-W7 




0 

0 

1 

0 

1 ' 

0 

1 

1 

W8-W15 

3 

Base and Current Address 

Write 

0 

1 

0 

0 

1 

1 

0 

0 

A0-A7 




0 

1 

0 

0 

1 

1 

0 

1 

A8-A15 


Current Address 

Read 

0 

0 

1 

0 

1 

1 

0 

0 

A0-A7 




0 

0 

1 

0 

1 

1 

0 

1 

A8-A15 


Base and Current Word Count 

Write 

0 

1 

0 

0 

1 

1 

1 

0 

W0-W7 




0 

1 

6 

0 

1 

1 

1 

1 

W8-W15 


Current Word Count 

Read 

0 

0 

1 

0 

1 

1 

1 

0 

W)0-W7 




0 

0 

1 

0 

1 

• 1 

1 

1 

W8-W15 


Figure 7. Word Count and Address Register Command Codes 


PROGRAMMING 

The 8237A will accept programming from the host proc- 
essor any time that HLDA is inactive; this is true even if 
HRQ is active. The responsibility of the host is to assure 
that programming and HLDA are mutually exclusive. 
Note that a problem can occur if a DMA request occurs, 
on an unmasked channel while the 8237A is being pro- 
grammed. For instance, the CPU may be starting to 
reprogram the two byte Address register of channel 1 
when channel 1 receives a DMA request. If the 8237A is 
enabled (bit 2 in the command register is 0) and channel 
1 is unmasked, a DMA service will occur after only one 
byte of the Address register has been reprogrammed. 
This can be avoided by disabling the controller (setting 
bit 2 in the command register) or masking the channel 
before programming any other registers. Once the pro- 
gramming is complete, the controller can be enabled/un- 
masked. ' 

After power-up it is suggested that all internal locations, 
especially the Mode registers, be loaded with some 
valid value. This should be done even if some channels 
are unused. 
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APPLICATION INFORMATION 

Figure 8 shows a convenient method for configuring a 
DMA system with the 8237A controller and an 8080A / 
8085 AH microprocessor system. The multimode DMA 
controller issues a HRQ to the processor whenever 
there is at least one valid DMA request from a peripheral 
device. When the processor replies with a HLDA signal, 
the 8237A takes control of the address bus, the data bus 
and the control bus. The address for the first transfer 


operation comes out in two bytes — the least signifi- 
cant 8 bits on the eight address outputs and the most 
significant 8 bits on the data bus. The contents of the 
data bus are then latched into the 8^82 8-bit latch to 
complete the full 16 bits of the address bus. The 8282 is 
a high speed, 8-bit, three-state latch in a 20-pin package. 
After the initial transfer takes place, the latch is updated 
only after a carry or borrow is generated in the least sig- 
nificant address byte. Four DMA channels are provided 
when one 8237A is used. 



Figure 8. 8237A System Interface 
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ABSOLUTE MAXIMUM RATINGS* 


I 

Ambient Temperature under Bias 0°C to 70°C 

Storage Temperature - 65 °C to + 150°C 

Voltage on any Pin with 

Respect to Ground -0.5to7V 

Power Dissipation 1.5 Watt 


*NOTICE: Stresses above those listed under “Absolute 
Maximum Ratings’’ may cause permanent damage to the 
device. This is a stress rating only and functional opera- 
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi- 
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 


D.C. CHARACTERISTICS (T A = 0°C to 70°C, V cc = 5.0V ±5%, GND = 0V) 


Symbol 

Parameter 

Min. 

Typ- (1) 

Max. 

Unit 

Test Conditions 

V OH 

Output High Voltage 

2.4 



V 

Iqh = “200 

3.3 



V 

I O h = -100^A(HRQ Only) 

VQL 

Output LOW Voltage 



.45 

V 

Iql = 2.0mA (data Bus, EOP) 

Iql = 3.2mA (other outputs) (Note 8) 
l 0L = 2.5mA (ADSTB) (Note 8) 

V| H 

Input HIGH Voltage 

2.2 


V CC + 0.5 

V 


V| L 

Input LOW Voltage 

-0.5 


0.8 

v . 


Ili 

Input Load Current 



±10 

juA 

o 

o 

> 

VI 

z 

> 

VI 

> 

o 

•lo 

Output Leakage Current 



±10 

juA 

0.45V <V 0UT ± V CC 

'cc 

VccSupply Current 


110 

130 

mA 

T A = +25°C 


130 

150 

mA 

T a = 0°C 

Co 

Output Capacitance 


4 

8 

PF 

fc = 1 .0 MHz, Inputs = 0V 

C, 

Input Capacitance 


8 

15 

PF 

c io 

I/O Capacitance 


10 

18 

pF 


NOTES: 

1 . Typical values are for T A = 25°C, nominal supply voltage and nominal processing parameters 

2 Input timing parameters assume transition times of 2 0 ns or less Waveform measurement points for both input and output signals are 2 0V for HIGH ahd 0 8V 
for LOW, unless otherwise noted 

3 Output l oadi ng is 1 TTL gate plus 1 50pF capacitance, unless otherwise noted _ 

4 The net IOW or MEMW Pulse width for normal write will be TCY-100 ns and for extended write will be 2TCY-100 ns The net IOR or MEMR pulse width for 
normal read will be 2TCY-50 ns and for compressed read will be TCY-50 ns 

5. TDQ is specified for two different output HIGH levels TDQ1 is measured at 2 0V TDQ2 is measured at 3 3V The value for TDQ2 assumes an external 3 3kQ 
pull-up resistor connected form HRQ to Vqq 

6. DREQ should be held active until DACK is returned 

7 DREQ and DACK signals may be active high or active low Tinging diagrams assume the active high mode 

8. A revision of the 8237A is planned for shipment in April 1985, which will improve the following characteristics 
1. V|h from 2.2V to 2.0V 

2 Vql from 0 45V to 0.4V on all outputs Test condition Iql = 3 2 mA 
Please contact your local sales office at that time for more information. 

9. Successive read and/or write operations by the external processor to program or examine the controller must be timed to allow at least 600 ns for the 8237A, 
at least 500 ns for the 8237A-4 and at least 400 ns for the 8237A-5, as recovery time between active read or write pulses 

10. EOP is an open collector output This parameter assumes the presence of a 2 2K pullup to Vqq 

11 Pin 5 is an input that should always be at a logic high level An internal pull-up resistor will establish a logic high when the pin is left floating It is recom- 
mended however, that pin 5 be tied to Vcc ^ 

12 Output Loading on the Data Bus is Ittl Gate plus 100 pF capacitance 


A.C. TESTING INPUT, OUTPUT WAVEFORM 
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A.C. CHARACTERISTICS— DMA (MASTER) MODE (t a =o’C to 70‘C, 

V C c= +5V±5%, GND = 0V) 




8237A 

8237A-4 

8237A-5 

Unit 

Symbol 

Parameter 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

TAEL 

AEN HIGH from CLK LOW (SI) Delay Time 


300 


225 


200 

ns 

TAET 

AEN LOW from CLK HIGH (SI) Delay Time 


200 


150 


130 

ns 

TAFAB 

ADR Active to Float Delay from CLK HIGH 


150 


120 


90 

ns 

TAFC 

READ or WRITE Float from CLK HIGH 


150 


120 


120 

ns 

TAFDB 

DB Active to Float Delay from CLK HIGH 


250 . 


190 


170 

ns 

TAHR 

ADR from READ HIGH Hold Time 

TCY-100 


TCY-100 


TCY-100 


ns 

TAHS 

OB from ADSTB LOW Hold Time 

40 


40 


30 


ns 

TAHW 

ADR from WRITE HIGH Hold Time 

TCY-50 


TCY-50 


TCY-50 


ns 


DACK Valid from CLK LOW Delay Time (Note 7) 


250 


220 


170 

ns 

TAK 

EOP HIGH from CLK HIGH Delay Time (Note 10) 


250 


190 


170 

ns 


EOP LOW from CLK HIGH Delay Time 


250 


190 


170 

ns 

TASM 

ADR Stable from CLK HIGH 


250 


190 


170 

ns 

TA§S 

DB to ADSTB LOW Setu p T i me 

100 


100 


100 


ns 

TCH 

Clock High Time (Transitions^ 10 ns) 

120 


100 


80 


ns 

TCL 

Clock LOW Time (Transitions^ 10 ns) 

150 


110 


68 


ns 

TCY 

CLK Cycle Time 

320 


250 


200 


ns 

TDCL 

CLK HIGH to READ or WRITE LOW Delay (Note 4) 


270 


200 


190 

ns 

TDC^TR 

, READ HIGH from CLK HIGH (S4) Delay Time 
' (Note 4) 


270 


210 


190 

ns 

TDCTW 

WRITE HIGH from CLK HIGH (S4) Delay Time 
(Note 4) 


200 


150 


130 

ns 

TDQ1 

HRQ Valid from .CLK HIGH Delay Time (Note 5) 


160 


120 


120 

ns 

TDQ2 


250 


190 


120 

ns 

TEPS 

EOP LOW from CLK LOW Setup Time 

60 


45 


40 


ns 

TEPW 

EOP Pulse Width 

300 


225 


220 


ns 

TFAAB 

ADR Float to Active Delay from CLK HIGH 


250 


190 


170 

ns 

TFAC 

READ or WRITE Active from CLK HIGH 


200 


150 


150 

ns 

TFADB 

DB Float to Active Delay from CLK HIGH 


300 


225 


200 

ns 

THS 

HLDA Valid to CLK HIGH Setup Time 

100 


75 


75 


ns 

TIDH 

Input Data from MEMR HIGH Hold Time 

0 


0 


0 


ns 

TIDS 

Input Data to MEMR HIGH Setup Time 

250 


190 


170 


ns 

TODH 

Output Data from MEMW HIGH Hold Time 

20 


20 


10 


ns 

TODV 

Output Data Valid to MEMW HIGH 

200 . 


125 


125 


ns 

TQS 

DREQ to CLK LOW (SI, S4) Setup Time (Note 7) 

0 


0 


0 


ns 

TRH 

CLK to READY LOW Hold Time 

20 


20 


20 


ns 

TRS 

READY to CLK LOW Setup Time 

100 


60 


60 


ns 

TSTL 

ADSTB HIGH from CLK HIGH Delay Time 


200 


150 


130 

ns 

TSTT 

ADSTB LOW from CLK HIGH Delay Time 


140 


110 


90 

ns 
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A.C. CHARACTERISTICS— PERIPHERAL (SLAVE) MODE Oa = o°c to 70 °c, v cc = s.ov ±5%, 

GND = OV) 


Symbol 

Parameter 

8237A 

8237A-4 

8237A-5 

Unit 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

TAR 

ADR Valid or CS LOW to READ LOW 

50 


50 


50 


ns 

TAW 

ADR Valid to WRITE HIGH Setup Time 

200 


150 


130 


ns 

TCW 

CS LOW to WRITE HIGH Setup Time 

200 


150 


130 


ns 

TDW 

Data Valid to WRITE HIGH Setup Time 

200 


150 


130 


ns 

TRA 

ADR or CS Hold from READ HIGH 

0 


0 


0 


ns 

TRDE 

Data Access from READ LOW (Note 3) 


200 


200 


140 

ns 

TRDF 

DB Float Delay from READ HIGH 

20 

100 

20 

100 

0 

70 

ns 

TRSTD 

Power Supply HIGH to RESET LOW Setup Time 

500 


500 


500 


ns 

TRSTS 

RESET to First IOWR 

2TCY 


2TCY 


2TCY 


ns 

TRSTW 

RESET Pulse Width 

300 


300 


300 


ns 

TRW 

READ Width 

300 


250 


200 


ns 

TWA 

ADR from WRITE HIGH Hold Time 

20 


20 


20 


ns 

TWC 

7 CS HIGH from WRITE HIGH Hold Time 

20 


20 


20 


ns 

TWD 

Data from WRITE HIGH Hold Time 

30 


30 


30 


ns 

TWWS 

Write Width 

200 


200 


160 


ns 




WAVEFORMS 

SLAVE MODE WRITE TIMING 



TCW 

4 


\ 

CS 


/ 

— - 

f 
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WAVEFORMS (Continued) 
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Figure 13. Ready 
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PROGRAMMABLE DMA CONTROLLER 


■ MCS-85® Compatible 8257-5 

■ 4-Channel DMA Controller 

■ Priority DMA Request Logic 

■ Channel Inhibit Logic 

■ Terminal Count and Modulo 128 
Outputs 


■ Single TTL Clock 

■ Single + 5V Supply 

■ Auto Load Mode 

■ Available in EXPRESS 

- Standard Temperature Range 


The Intel* 8257 is a 4-channel direct memory access (DMA) controller. It is specifically designed to simplify the 
transfer of data at high speeds for the Intel® microcomputer systems. Its primary function is to generate, upon a 
peripheral request, a sequential memory address which will allow the peripheral to read or write data directly to or 
from memory. Acquisition of the system bus in accomplished via the CPU’s hold function. The 8257 has priority logic 
that resolves the peripherals requests and issues a composite hold request to the CPU. It maintains the DMA cycle 
count for each channel and outputs a control signal to notify the peripheral that the programmed number of DMA 
cycles is complete. Other output control signals simplify sectored data transfers. The 8257 represents a significant 
savings in component count for DMA-based microcomputer systems and greatly simplifies the transfer of data at 
high speed between peripherals and memories. 
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Figure 1. Block Diagram 


Figure 2. Pin Configuration 
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FUNCTIONAL DESCRIPTION 

General 

The 8257 is a programmable, Direct Memory Acess (DMA) 
device which, when coupled with a single 8-bit latch 
provides a complete four-channel DMA controller for use in 
Intel® microcomputer systems. After being initialized by 
software, the 8257 can transfer a block of data, containing up 
to 16,384 bytes, between memory and a peripheral device 
directly, without further intervention required of the CPU. 
Upon receiving a DMA transfer request from an enabled 
peripheral, the 8257: 

1. Acquires control of the system bus. 

2. Acknowledges that requesting peripheral which is 
connected to the highest priority channel 

3. Outputs the least significant eight bits of the memory 
address onto system address lines Ao-A 7 , outputs the 
most significant eight bits of the memory address to the 
8-bit latch via the data bus (the outputs of the latch 
should drive address lines As-Ais), and 

4. Generates the appropriate memory and I/O read / 
write control signals that cause the peripheral to 
receive or deposit a data byte directly from or to the 
addressed location in memory. 

The 8257 will retain control of the system bus and repeat 
the transfer sequence, as long as a peripheral maintains its 
DMA request Thus, the 8257 can transfer a block of data 
to/from a high speed peripheral (e g , a sector of data on a 
floppy disk) in a single “burst”. When the specified 
number of data bytes have been transferred, the 8257 
activates its Terminal Count (TC) output, informing the 
CPU that the operation is complete 

The 8257 offers three different modes of operation 
(1) DMA read, which causes data to be transferred from 
memory to a peripheral, (2) DMA write, which causes 
data to be transferred from a peripheral to memory, 
and (3) DMA verify, which does not actually involve the 
transfer of data. When an 8257 channel is in the DMA verify 
mode, it will respond the same as described for transfer 
operations, except that no memory or I/O read/write 
control signals will be generated, thus preventing the 
transfer of data The 8257, however, will gam control of the 
syjstem bus and will acknowledge the peripheral’s DMA 
request for each DMA cycle The peripheral can use these 
acknowledge signals to enable an internal access of each 
byte of a data block in order to execute some verification 
procedure, such as the accumulation of a CRC (Cyclic 
Redundancy Code) checkword For example, a block of 
DMA verify cycles might follow a block of DMA read cycles 
(memory to peripheral) to allow the peripheral to verify its 
newly acquired data 


Block Diagram Description 
1. DMA Channels 

The 8257 provides four separate DMA channels (labeled 
CH-0 to CH-3). Each channel includes two sixteen-bit 
registers 1 (1) a DMA address register, and (2) a termi- 
nal count register. Both registers must be initialized 
before a channel is enabled. The DMA address register is 
loaded with the address of the first memory location to be 
accessed. The value loaded into the low-order 14-bits of 
the terminal count register specifies the number of DMA 
cycles minus one before the Terminal Count (TC) output 
is activated. For instance, a terminal count of 0 would 
cause the TC output to be active in the first DMA cycle for 
that channel. In general, if N = the number of desired DMA 
cycles, load the value N-1 into the low-order 14-bits of the 
terminal count register. The most significant two bits of the 
terminal count register specify the type of DMA operation 
for that channel 



DRQ 0 


6aCO 


DRQ 1 


OACK 1 


DRQ 2 
daCk i 


DRQ 3 


OACiT3 


Figure 3. 8257 Block Diagram Showing DMA 
Channels 
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These two bits are not modified during a DMA cycle, but 
can be changed between DMA blocks. 

Each channel accepts a DMA Request (DRQn) input and 
provides a DMA Acknowledge (DACKn) output 

(DRQ 0-DRQ 3) 

DMA Request: These are individual asynchronous chan- 
nel request inputs used by the peripherals to obtain a DMA 
cycle. If not in the rotating priority mode then DRQ 0 has 
the highest priority and DRQ 3 has the lowest. A request 
can be generated by raising the request line and holding it 
high until DMA acknowledge. For multiple DMA cycles 
(Burst Mode) the request line is held high until the DMA 
acknowledge of the last cycle arrives. 

(DACK 0 - DACK 3) 

DMA Acknowledge: An active low level on the acknowl- 
edge output informs the peripheral connected to that 
channel that it has been selected for a DMA cycle. The 
DACK output acts as a “chip select’ for the peripheral 
device requesting service. This line goes active (low) 
and inactive (high) once for each byte transferred even if 
a burst of data is being transferred. 

2. Data Bus Buffer 

This three-state, bf-directional, eight bit buffer interfaces 
the 8257 to the system data bus. 

<D 0 -D 7 ) 

Data Bus Lines: These are bi-directional three-state lines 
When the 8257 is being programmed by the CPU, eight- 
bits of data for a DMA address register, a terminal count 
register or the Mode Set register are received on the data 
bus. When the CPU reads a DMA address register, a 
terminal count register or the Status register, the data is 
sent to the) CPU over the data bus. During DMA cycles 
(when the 8257 is the bus master), the 8257 will output the 
most significant eight-bits of the memory address (from 
one of the DMA address registers) to the 82T2 latch via the 
data bus. These address bits will be transferred at the 
beginn/ng of the DMA cycle; the bus will then be released 
to handle the memory data transfer during the balance of 
the DMA cycle. 


BIT 15 

BIT 14 

TYPE OF DMA OPERATION 

0 

0 

Verify DMA Cycle 

0 

1 

Write DMA Cycle 

1 

0 

Read DMA Cycle 

1 

1 

(Illegal) 



Figure 4. 8257 Block Diagram Showing Data Bus 
Buffer 
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3. Read/Write Logic 

When the CPU is programming or reading one of the 
8257’s registers (i.e., when the 8257 is a “slave” device on 
the system bus), the Read/Write Logic accepts the I/O 
Read (I/OR) or I/O Write (l/OW) signal, decodes the least 
significant four address bits, (A 0 -A 3 ), and either writes 
the contents of the data bus into the addressed register 
(if l/OW is true) or places the conte nts of the addressed 
register onto the data bus (if I/OR is true). 

During DMA cycles (i e , when the 8257 is the bus 
“master”), the Read/Write Logic generates the I/O read 
and memory write (DMA write cycle) or I/O Write and 
memory read (DMA read cycle) signals which control the 
data link with the peripheral that has been granted the 
DMA cycle. 

Note that during DMA transfers Non-DMA I/O devifces 
should be de-selected (disabled) using “AEN" signal to 
inhibit I/O device decoding of the memory address as an 
erroneous device address. 

(I/OR) 

I/O Read- An active-low, bi-directional three-state line. In 
the “slave” mode, it is an input which allows the 8-bit 
status register or the upper/lower byte of a 16-bit DMA 
address register or term inal count register to be read. In 
the “master” mode, I/OR is a control output which is used 
to access data from a peripheral during the DMA write 
cycle. 

(WOW) 

I/O Write - An active-low, bi-directional three-state line In 
the “slave” mode, it is an input which allows the contents 
of the data bus to be loaded into the 8-bit mode set register 
or the upper/lower byte of a 16-bit DMA address .register 
or terminal count register In the “master” mode, l/OW is a 
control output which allows data to be output to a 
peripheral during a DMA read cycle 

(CLK) 

Clock Input: Generally from an Intel® 8224 Clock Generator 
device. (02 TTL) or Intel ® 8085AH CLK output. 

(RESET) 

Reset: An asynchronous input (generally from an 8224 
or 8085 device) which disables all DMA channels by 
clearing the mode register and 3-states all control lines. 


(A 0 -A 3 ) 

Address Lines: These least significant four address lines 
are bi-directional. In the “slave” mode they are inputs 
which select one of the registers to be read or 
programmed. In the “master” mode, they are outputs 
which constitute the least significant four bits of the 16-bit 
memory address generated by the 8257. 

(CS) 

Chip Select An active-low input which enables the I/O 
Read or I/O Write input when the 8257 is being read or 
programmed in the “slave” mode In the “master” mode, 
CS is automatically disabled to prevent the chip from 
selecting itself while performing the DMA function 

4. Control Logic 

This block controls the sequence of operations during all 
DMA cycles by generating the appropriate control signals 
and the 1 6-bit address that specifies the memory location 
to be accessed 



Figure 5. 8257 Block Diagram Showing 
Read/Write Logic Function 
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(A4-A7) 

Address Lines These four address lines are three-state 
outputs which constitute bits 4 through 7 of the 16-bit 
memory address generated by the 8257 during all DMA 
cycles 

(READY) 

Ready: This asynchronous input is used to elongate the 
memory read and write cycles in the 8257 with wait 
states if the selected memory requires longer cycles 
READY must conform to specified setup and hold 
times 

(HRQ) 

Hold Request: This output requests control of the 
system bus In systems with only one 8257, HRQ will 
normally be applied to the HOLD input on the CPU HRQ 
must conform to specified setup and hold times. 

(HLDA) 

Hold Acknowledge: This input from the CPU indicates that 
the 8257 has acquired control of the system bus, HLDA must 
remain stable during the specified set-up time. 

(MEMR) 

Memory Read This active-low three-state output is used 
to read data from the addressed memory location during 
DMA Read cycles 

(MEMW) 

Memory Write This active-low three-state output is used 
to write data into the addressed memory location during 
DMA Write cycles. 

(ADSTB) ^ 

Address Strobe: This output strobes the most significant 
byte of the memory address into the latch device from the 
data bus. 

(AEN) 

Address Enable This output is used to disable (float) the 
System Data Bus and the System Control Bus It may also 
be used to disable (float) the System Address Bus by use 
of an enable on the Address Bus drivers in systems to 
inhibit non-DMA devices from responding during DMA 
cycles It may be further used to isolate the 8257 data bus 
from the System Data Bus to facilitate the transfer of the 8 
most significant DMA address bits over the 8257 data I/O 
pins without subjecting the System Data Bus to any 
timing constraints for the transfer When the 8257 is used 
in an I/O device structure (as opposed to memory 
mapped), this AEN output should be used to disable the 
selection of an I/O device when the DMA address is on the 
address bus The I/O device selection should be 
determined by the DMA acknowledge outputs for the 4 
channels 


(TC) 

Terminal Count. This output notifies the currently 
selected peripheral that the present DMA cycle should be 
the last cycle for this data block If the TC STOP bit in the 
Mode Set register is set, the selected channel will be 
automatically disabled at the end of that DMA cycle TC is 
activated when the 14-bit value in the selected channel’s 
terminal count register equals zero. Recall that the low- 
order 14-bits of the terminal count register should be 
loaded with the values (n-1 ), where n = the desired number 
of the DMA cycles. 

(MARK) 

Modulo 128 Mark This output notifies the selected 
peripheral that the current DMA cycle is the 128th cycle 
since the previous MARK output MARK always occurs at 
128 (and all multiples of 128) cycles from the end of the 
data block Only if the total number of DMA cycles (n) is 
evenly divisable by 128 (and the^ terminal count register 
was loaded with n-1), will MARK occur at 128 (and each 
succeeding multiple of 128) cycles from the beginning of 
the data block 



Figure 6. 8257 Block Diagram Showing Control 
Logic and Mode Set Register 
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5. Mode Set Register 

When set, the various bits in the Mode Set register enable 
each of the four DMA channels, and allow four different 
options for the 8257: 


cm 


T 


Enables AUTOLOAD 
Enables TC STOP 

Enables EXTENDED WRITE 

Enables ROTATING PRIORITY- 


Hi 


Enables DMA Channel 0 
Enables DMA Channel 1 
Enables DMA Channel 2 
Enables DMA Channel 3 


The Mode Set register is normally programmed by the 
CPU after the DMA address register(s) and terminal 
count register(s) are initialized. The Mode Set Register is 
cleared by the RESET input, thus disabling all options, 
inhibiting all channels, and preventing bus conflicts on 
power-up. A channel should not be left enabled unless its 
DMA address and terminal count registers contain valid 
values; otherwise, an inadvertent DMA request (DRQn) 
from a peripheral could initiate a DMA cycle that would 
destroy memory data 

The various options which can be enabled by bits in the 
Mode Set register are explained below 

Rotating Priority Bit 4 

In the Rotating Priority Mode, the priority of the channels 
has a circular sequence After each DMA cycle, the 
priority of each channel changes The channel which had 
just been serviced will have the lowest priority 



If the ROTATING PRIORITY bit is not set (set to a zero), 
each DMA channel has a fixed priority In the fixed priority 
mode, Channel 0 has the highest priority and Channel 3 
has the lowest priority If the ROTATING PRIORITY bit is 
set to a one, the priority of each channel changes after 
each DMA cycle (not each DMA request) Each channel 
moves up to the next highest priority assignment, while 
the channel which has just been serviced moves to the 
lowest priority assignment 



CHANNEL— ► 
JUST SERVICED 

CH-0 

CH-1 

CH-2 

CH-3 

Priority — ► 

Highest 

CH-1 

CH-2 

CH-3 

CH-0 

Assignments 

4 

CH-2 

CH-3 

CH-0 

CH-1 


▼ 

CH-3 

CH-0 

CH-1 

CH-2 


Lowest 

CH-0 

CH-1 

CH-2 

CH-3 


Note that rotating priority will prevent any one channel 
from monopolizing the DMA mode; consecutive DMA 
cycles will service different channels if more than one 
channel is enabled and requesting service. There is no 
overhead penalty associated with this mode of opera- 
tion. All DMA operations began with Channel 0 initially 
assigned to the highest priority for the first DMA cycle. 


Extended Write Bit 5 

I f the E XTEN DED WRITE bit is set, the duration of both the 
MEMW and l/OW signals is extended by activating them 
earlier in the DMA cycle Data transfers within micro- 
computer systems proceed asynchronously to allow 
use of various types of memory and I/O devices with 
different access times If a device cannot be accessed 
within a specific amount of time it returns a ‘‘not ready” 
indication to the 8257 that causes the 8257 to insert one or 
more wait states in its internal sequencing Some devices 
are fast enough to be accessed without the use of wait 
states, but if they generate their READY response with the 
leading edge of the l/OW or MEMW signal (which 
generally occurs late in the transfer sequence), they 
would normally cause the 8257 to enter a wait state 
because it does not receive READY in time For systems 
with these types of devices, the Extended Write option 
provides alternative timing for the I/O and memory write 
signals which allows the devices to return an early READY 
and prevents the unnecessary occurrence of wait states in 
the 8257, thus increasing system throughput 


TC Stop Bit 6 

If the TC STOP bit is set, a channel is disabled (i e., its 
enable bit is reset) after the Terminal Count (TC) output 
goes true, thus automatically preventing further DMA 
operation on that channel The enable bit for that channel 
must be re-programmed to continue or begin another 
DMA operation If the TC STOP bit is not §et, the 
occurrence of the TC output has no effect on the channel 
enable bits In this case, it is generally the responsibility of 
the peripheral to cease DMA requests in order to terminate 
a DMA operation 


Auto Load Bit 7 

The Auto Load mode permits Channel 2 to be used for 
repeat block or block chaining operations, without 
immediate software intervention between blocks Chan- 
nel 2 registers are initialized as usual for the first data 
block, Channel 3 registers, however, are used to store the 
block re-initialization parameters (DMA starting address, 
terminal count and DMA transfer mode) After the first 
block of DMA cycles is executed by Channel 2 (i e , after 
the TC output goes true), the parameters stored in the 
Channel 3 registers are transferred to Channel 2durmgan 
"update” cycle Note that the TC STOP feature, described 
above, has no effect on Channel 2 when the Auto Load bit 
is set 


2-77 






8257/8257-5 


inteT 


If the Auto Load bit is set, the initial parameters for 
Channel 2 are automatically duplicated in the Channel 3 
registers when Channel 2 is programmed. This permits 
repeat block operations to be set up with the programming 
of a single channel. Repeat block operations can be used 
in applications such as CRT refreshing. Channels 2 and 3 
can still be loaded with separate values if Channel 2 is 
loaded before loading Channel 3. Note that in the Auto 
Load mode, Channel 3 is still available to the user if the 
Channel 3 enable bit is set, but use of this channel will 
change thp values to be auto loaded into Channel 2 at 
update time. All that is necessary to use the Auto Load 
feature for chaining operations is to reload Channel 3 
registers at the conclusion of each update cycle with the 
new parameters for the next data block transfer. 

Each time that the 8257 enters an update cycle, the update 
flag in the status register is set and parameters in Channel 
3 are transferred to Channel 2, non-destructively for 
Channel 3. The actual re-initialization of Channel 2 occurs 
at the beginning of the next channel 2 DMA cycle after the 
TC cycle. This will be the first DMA cycle of the new data 
block for Channel 2. The update flag is cleared at the 
conclusion of this DMA cycle. For chaining operations, 
the update flag in the status register can be monitored by 
the CPU to determine when the re-initialization process 
has been completed so that the next block parameters can 
be safely loaded into Channel 3. 

6. Status Register 

The eight-bit status register indicates which channels 
have reached a terminal count condition and includes the 
update flag described previously. 


H°1 °l 1 II 11 

UPDATE FLAG — ^ 

□ 

□ 

; t — TC ST ATI 

1 TC ST ATI 

TC ST ATI 

TC ST ATI 


The TC status bits are set when the Terminal Count (TC) 
output is activated for that channel. These bits remain set 
until the status register is read or the 8257 is reset. The 
UPDATE FLAG, however, is not affected by a status 
register read operation. The UPDATE FLAG can be 
cleared by resetting the 8257, by changing to the non-auto 
load mode (i.e., by resetting the AUTO LOAD bit in the 
Mode Set register) or it can be left to clear itself at the 
completion of the update cycle. The purpose of the 
UPDATE FLAG is to prevent the CPU from inadvertently 
skipping a data block by overwriting a starting address or 
terminal count in the Channel 3 registers before those 
parameters are properly auto-loaded into Channel 2. 


The user is cautioned against reading the TC status 
register and using this information to reenable chan- 
nels that have not completed operation. Unless the 
DMA channels are inhibited a channel could reach ter- 
minal count (TC) between the status read and the mode 
write. DMA can be inhibited by a hardware gate on the 
HRQ line or by disabling channels with a mode word 
before reading the TC status. 



Figure 7. Autoload Timing 
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OPERATIONAL SUMMARY 

Programming and Reading the 8257 Registers 

There are four pairs of “channel registers" each pair 
consisting of a 16-bit DMA address register and a 16-bit 
terminal count register (one pair for each channel) The 
8257 also includes two “general registers”, one 8 -bit 
Mode Set register and one 8 -bit Status register. The 
registers are loaded or read when the CPU executes a 
write or read instruction that addresses the 8257 device 
and the appropriate register within the 8257. The 8228 
generates the appropriate read or write control signal 
(generally I/OR or l/OW while the CPU places a 16-bit 
address on the system address bus, and either outputs the 
data to be written onto the system data bus or accepts the 
data being read from the data bus. All or some of the most 
significant 12 address bits A 4 -A 15 (depending on the 
systems memory, I/O configuration) are usually decoded 
to produce the chip select (CS) input to the 8257. An I/O 
Write input (or Memory Write in memory mapped I/O 
configurations, described below) specifies that the 
addressed register is to be programmed, while an I/O 
Read input (or Memory Read) specifies that the addressed 
register is to be read Address bit 3 specifies whether a 
“channel register” (A3 = 0) or the Mode Set (program 
only)/Status (read only) register (A3 = 1 ) is to be accessed. 

The least significant three address bits, A0-A2, indicate the 
specific register to be accessed. When accessing the 
Mode Set or Status register, A0-A2 are all zero. When 
accessing a channel register bit Ao differentiates between 
the DMA address register (Ao = 0) and the terminal count 
register (Ao = 1), while bits Ai and A2 specify one of the 


CONTROL INPUT 

CS 

l/OW 

I/OR 

A3 

Program Half of a 
Channel Register 

0 

0 

1 

0 

Read Half of a 
Channel Register 

0 

1 

0 

0 

Program Mode Set 
Register 

0 

0 

1 

1 

Read Status Register 

0 

1 

0 

1 


four channels Because the “channel registers” are 16- 
bits, two program instruction cycles are required to load 
or read an entire register. The 8257 contains a first/last 
(F/L) flip flop which toggles at the completion of each 
channel program or read operation. The F/L flip flop 
determines whether the upper or lower byte of the register 
is to be accessed. The F/L flip flop is reset by the RESET 
input and whenever the Mode Set register is loaded. To 
maintain proper synchronization when accessing the 
“channel registers” all channel command instruction 
operations should occur in pairs, with the lower byte of a 
register always b eing a ccessed first. Do not allow CS to 
clock while either I/OR or l/OW is active, as this will cause 
an erroneous F/L flip flop state In systems utilizing an 
interrupt structure, interrupts should be disabled prior to 
any paired programming operations to prevent an 
interrupt from splitting them. The result of such a split 
would leave the F/L F/F in the wrong state This problem is 
particularly obvious when other DMA channels are 
programmed by an interrupt structure 


8257 Register Selection 



*Aq-Ai5: DMA Starting Address, C 0 -C 3 3: Terminal Count value (N-1), Rd and Wr: DMA Verify (00), Write (01) or Read (10) cycle selection, 
AL: Auto Load, TCS: TC STOP, EW: EXTENDED WRITE, RP: ROTATING PRIORITY, EN3-EN0: CHANNEL ENABLE MASK, UP: UPDATE 
FLAG, TC3-TC0: TERMINAL COUNT STATUS BITS. 
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Figure 8. DMA Operation State Diagram 


DMA OPERATION 
Single Byte Transfers 

A single byte transfer is initiated by the I/O device rais- 
ing the DRQ line of one channel of the 8257. If the chan- 
nel is enabled, the 8257 will output a HRQ to the CPU. 
The 8257 now waits until a HLDA is received insuring 
that the sys tem bu s is free for its use. Once HLDA is 
received the DACK line fo r the requesting channel is ac- 
tivated (LOW). The DACK line acts as a chip select for 
the requesting I/O device. The 8257 then generates the 


read and write commands and byte transfer occurs be- 
tween the selected I/O device and memory. After the 
transfer is complete, the DACK line is set HIGH and the 
HRQ line is set LOW to indicate to the CPU that t he bus 
is now free for use. DRQ must remain HIGH until DACK 
is issued to be recognized and must go LOW before S4 
of the transfer sequence to prevent another transfer 
from occuring. (See timing diagram.) 

Consecutive Transfers 

If more than one channel requests service simultaneous- 
ly, the transfer will occur in the same way a burst does. 
No overhead is incurred by switching from one channel 
to another. In each S4 the DRQ lines are sampled and 
the highest priority request is recognized during the 
next transfer. A burst mode transfer in a lower priority 
channel will be overridden by a higher priority request. 
Once the high priority transfer has completed control 
will return to the lower priority channel if its DRQ is still 
active. No extra cycles are needed to execute this se- 
quence and the HRQ line remains active until all DRQ 
lines go LOW. 

Control Override 

The continuous DMA transfer mode described above 
can be interrupted by an external device by lowering the 
HLDA line. After each DMA transfer the 8257 samples 
the HLDA line to insure that it is still active. If it is not 
active, the 8257 completes the current transfer, releases 
the HRQ line (LOW) and returns to the idle state. If DRQ 
lines are still active the 8257 will raise the HRQ line in 
the third cycle and proceed normally. (See timing 
diagram.) 

Not Ready 

The 8257 has a Ready input similar to the 8080A and the 
8085AH. The Ready line is a sampled in State 3. If Ready is 
LOW the 8257 enters a wait state. Ready is sampled during 
every wait state. When Ready returns HIGH the 8257 
proceeds to State 4 to complete the transfer. Ready is used to 
interface memory of I/O devices that cannot meet the bus set 
up times required by the 8257. 

Speed 

The 8257 uses four clock cycles to transfer a byte of 
data. No cycles are lost in the master to master transfer 
maximizing bus efficiency. A 2MHz clock input will 
allow the 8257 to transfer at a rate of 500K bytes/second. 

Memory Mapped I/O Configurations 

The 8257 can be connected to the system bus as a memory 
device instead of as an I/O device for memory mapped I/O 
configuratipns by connecting the system memory control 
lines to the 8257’s I/O control lines and the system I/O 
control lines to the 8257’s memory control lines 

This configuration permits use of the 8080’s considerably 
larger repertoire of memory instructions when reading or 
loading the 8257’s registers. Note that with this 
connection, the programming of the Read (bit 15) and 
Write (bit 14) bits in the terminal count register will have a 
different meaning 
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BIT 15 
READ 

BIT 14 
WRITE 


0 

0 

DMA Verify Cycle 

0 

1 

DMA Read Cycle 

1 
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DMA Write Cycle 

1 

1 

Illegal 



MEMRD 


MEMWR 

8257 

I/O RD 


I/O WR 


Figure 9. System Interface for Memory Figure 10. TC Register for Memory Mapped 

Mapped I/O I/O Only 

SYSTEM APPLICATION EXAMPLES 



DMA CONTROLLER 



Figure 12. High-Speed Communication Controller 
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A.C. TESTING INPUT, OUTPUT WAVEFORM A.C. TESTING LOAD CIRCUIT 



7 


DEVICE 

UNDER 

TEST 


T C| 

I 


C L INCLUDES JIG CAPACITANCE 


Tracking Parameters 

Signals labeled as Tracking Parameters (footnotes 1 and 5-7 under A.C. Specifications) are signals that follow similar 
paths through the silicon die. The propagation speed of these signals varies in the manufacturing process but the 
relationship between all these parameters is constant. The variation is less than or equal to 50 ns. 

Suppose the following timing equation is being evaluated, 

* Ta(MIN) + t B(MAX) ^150 ns 

and only minimum specifications exist for T A and Tb- If T A (mi N) is used, and if T A and Tb are tracking parameters, 
Tb(max) can be taken as T B( min) + 50 ns. 

Ta(Min) + (Tb<min)* + 50 ns) < 150 ns 

*if T a and Tb are tracking parameters 


WAVEFORMS— PERIPHERAL MODE 



READ 
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Figure 13. Detailed System Interface Schematic 
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ABSOLUTE MAXIMUM RATINGS* 


Ambient Temperature Under Bias 0°C to 70°C 

Storage Temperature -65°C to +150°C 

Voltage on Any Pin 

With Respect to Ground -0.5V to +7V 

Power Dissipation 1 Watt 


* NOTICE : Stresses above those listed under “Absolute 
Maximum Ratings ’’ may cause permanent damage to the 
device. This is a stress rating only and functional opera- 
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi- 
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 


D.C. CHARACTERISTICS (8257: T a = 0°C to 70°C, V cc = 5.0V ±5%, GND = 0V) 

(8257-5: T A = 0°C to 70°C, V cc = 5.0V ±10%, GND = 0V) 


Symbol 

Parameter 

Min. 

Max. 

Unit 

Test Conditions 

V|L 

Input Low Voltage 

-0.5 

0.8 

Volts 


V, H 

Input High Voltage 

2.0 

Vcc + -5 

Volts 


V 0 L 

Output Low Voltage 


0.45 

Volts 

lo L = 1 -6 mA 

V OH 

Output High Voltage 

* 

2.4 

Vcc 

Volts 

k)H = ~'l50juA f or AB, 

DB and AEN 
Ioh = "80mA for others 

Vhh 

HRQ Output High Voltage 

3.3 

Vcc 

Volts 

Ioh = -80^ A 

lee 

Vqc Current Drain 


120 

mA 


«IL 

Input Leakage 


±10 

pA 

0V V|n Vqc 

•OFL 

Output Leakage During Float 


±10 

pA 

0.45V ^ V 0 UT ^ V CC 


CAPACITANCE (t a = 25°C; v C c = gnd = ov> 


Symbol 

Parameter 

Min. 

Typ. 

Max. 

Unit 

Test Conditions 

C|N 

Input Capacitance 



10 

pF 

fc= 1MHz 

C|/Q 

I/O Capacitance 



20 

pF 

Unmeasured pins 
returned to GND 
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A.C. CHARACTERISTICS — PERIPHERAL (SLAVE) MODE 

(8257: T a = 0°C to 70°C, V C c = 5.0V ±5%, GND = 0V) 

(8257-5: T A = 0°C to 70°C, V cc = 5.0V ±10%, GND = 0V) 

8080 Bus Parameters 

READ CYCLE 


Symbol 

Parameter 

8257 

8257-5 

Unit 

Test Conditions 

Min. 

Max. 

Min. 

Max. 

Tar 

Adr or CSi Setup to RDt 

0 


0 


ns 


Tra 

Adr or CSt Hold from RDt 

0 


0 


ns 


Trd 

Data Access from RDI 

0 

300 

0 

220 

ns 


Tdf 

DB-*Float Delay from RDt 

20 

150 

20 

120 

ns 


Trr 

RD Width 

250 


250 


ns 



WRITE CYCLE 




8257 

8257-5 



Symbol 

Parameter 

Min. 

Max. 

Min. 

Max. 

Unit 

Test Conditions 

t aw 

Adr Setup to WRI 

20 


20 


ns 


Twa 

Adr Hold from WRt 

0 


0 


ns 


Tow 

Data Setup to WRt 

200 


200 


ns 


Twd 

Data Hold from WRt 

10 


10 


ns 


Tww 

WR Width 

200 


200 


ns 



OTHER TIMING 


Symbol 

Parameter 

8257 

8257-5 

Unit 

Test Conditions 

Min. 

Max. 

Min. 

Max. 

Trstw 

Reset Pulse Width 

300 


300 


ns 


Trstd 

Power Supply t,( Vcc) Setup to Reset i 

500 


500 


jUS 


T r 

Signal Rise Time 


20 


20 

ns 


Tf 

Signal Fall Time 


20 


20 

ns 


Trsts 

Reset to First l/OWR 

2 


2 


tCY 



A.C. CHARACTERISTICS— DMA (MASTER) MODE 

(8257: T a = 0°C to 70°C, V cc = 5.0V ±5%, GND = 0V) 

(8257-5: T A = 0°C to 70°C, V cc = 5.0V ±10%, GND = 0V) 

TIMING REQUIREMENTS 


Symbol 

Parameter 

8257 

8257-5 

Unit 

Min. 

Max. 

Min. 

Max. 

Tcy 

Cycle Time (Period) 

0.320 

4 

0.320 

4 

AS 

T* 

Clock Active (High) 

120 

00 

H 

O 

-< 

80 

> 

o 

h 

00 

ns 

Tqs 

DRQt Setup to CLKi (SI, S4) 

120 


120 


ns 

Tqh 

DRQI Hold from HLDA1 [1) 

0 


0 


ns 

Ths 

HLDAt or 1 Setup to CLKI(SI, S4) m 

100 

280 

100 

280 

ns 

Trs 

READY Setup Time to CLK!(S3, Sw) 

30 


30 


ns 

i 

GC 

1- 

READY Hold Time from CLKt(S3, Sw) 

30 


30 


ns 
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A.C. CHARACTERISTICS— DMA (MASTER) MODE 

(8257: T a = 0°C to 70°C, V C c = 5.0V ±5%, GND = 0V) 

(8257-5: T A = 0°C to 70°C, V C c = 5.0V ±10%, GND = 0V) 

TIMING RESPONSES 


Symbol 

Parameter, 

8257 

8257-5 

Unit 

Min. 

Max. 

Min. 

Max. 

t dq 

HRQf or f Delay from CLKf (SI, S4) 
(measured at 2.0V) 


160 


160 

ns 

t dqi 

HRQf or f Delay from CLKf (SI, S4) 
(measured at 3.3V) [3] 


250 


250 

ns 

t ael 

AENf Delay from CLKf (SI) 


300 


300 

ns 

t aet 

AENf Delay from CLKf (SI) 


200 


200 

ns 

T AEA 

Adr (AB) (Active) Delay from AENf (S1)^ 13 

20 


20 


ns 

t FAAB 

Adr (AB) (Active) Delay from CLKf (S1) [2] 


250 


250 

ns 

t afab 

Adr (AB) (Float) Delay from CLKf (Sl) [2] 


150 


150 

ns 

Tasm 

Adr (AB) (Stable) Delay from CLKf (S1) [2] 


250 


250 

ns 

Tah 

Adr (AB) (Stable) Hold from CLKf (S1) [2] 

t ASM~50 


t ASM~50 


ns 

t ahr 

Adr (AB) (Valid) Hold from RDf (SI, Sl) [1] 

60 


60 


ns 

t AHW 

Adr (AB) (Valid) Hold from Wrf (SI , Sl) [1] 

300 


300 


ns 

t FADB 

Adr (DB) (Active) Delay from CLKf (S1) [2] 


300 


300 

ns 

t afdb 

Adr (DB) (Float) Delay from CLKf (S2) [21 

T S tt+20 

250 

Tstt +20 

170 

ns 

t ASS 

Adr (DB) Setup to Adr Stbf (S1-S2) [1] 

100 


100 


ns 

t ahs 

Adr (DB) (Valid) Hold from Adr Stbf (S2) [1] 

20 


20 


ns 

t stl 

Adr Stbf Delay from CLKf (SI) 


200 


200 

ns 

t stt 

Adr Stbf Delay from CLKf (S2) g 


140 


140 

ns 

T SW 

Adr Stb Width (S1-S2) m 

Tcy-ioo 


t cy -ioo 


ns 

t ASC 

Rdf or Wr(Ext)f Delay from Adr Stbf 
(S2) m 

70 


70 


ns 

t dbc 

RDf or WR(Ext)f Delay from Adr (DB) 
(Float) (S2) tl] 

20 


20 


ns 

Tak 

DACKf or | Delay from CLKf (S2, SI) and 
TC/Markf Delay from CLKf (S3) and 
TC/Markf Delay from CLKf (S4) [4] 


250 

1 

250 

ns 

t dcl 

RDf or Wr(Ext)f Delay from CLKf (S2) and 
Wrf Delay from CLKf (S3) [2 ’ 53 


200 


200 

ns 

t dct 

Rdf Delay from CLKf (SI, SI) and 
Wrf Delay from CLKf (S4/ 2 ’ 63 


200 


200 

ns 

t FAC 

Rd or Wr (Active) from CLKf (S1) [2] 


300 


300 

ns 

t afc 

Rd or W? (Active) from CLKf (S1) [2] 


150 


150 

ns 

t rwm 

Rd Width (S2-S1 orSI) I1] 

2Tcy+ t ^-50 


2T CY+T0-5O 


ns 

Twwm 

Wr Width (S3-S4) [1] 

Tcy-50 


o 

< 

1 

cn 

o 


ns 

t WWME 

WR(Ext) Width (S2-S4) [1] 

2T CY -50 


2T CY -50 


ns 


NOTES: 

1 . Tracking Parameter. 3.- Load = Vqh = 3.3V. 

2. Load = + 50 pF. 4. ATak < 50 ns. 

7. HLDA must remain stable during t H s- 
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■ iAPX 86, iAPX 88 Compatible 

■ MCS-80®, MCS-85® Compatible 

■ Eight-Level Priority Controller 

■ Expandable to 64 Levels 

■ Programmable Interrupt Modes 


■ Individual Request Mask Capability 

■ Single + 5V Supply (No Clocks) 

■ 28-Pin Dual-In-Line Package 

■ Available in EXPRESS 

- Standard Temperature Range 

- Extended Temperature Range 


The Intel® 8259A Programmable Interrupt Controller handles up to eight vectored priority interrupts for the CPU. It is 
cascadable for up to 64 vectored priority interrupts without additional circuitry. It is packaged in a 28-pin DIP, uses 
NMOS technology and requires a single + 5 V supply. Circuitry is static, requiring no clock input. 

The 8259A is designed to minimize the software and real time overhead in handling multi-level priority interrupts. It has 
several modes, permitting optimization for a variety of system requirements. 

The 8259A is fully upward compatible with the Intel® 8259. Software originally written for the 8259 will operate the 
8259A in all 8259 equivalent modes (MCS-80/85, Non-Buffered, Edge Triggered). 


INTA INT 






Figure 1. Block Diagram 


Figure 2. Pin Configuration 


Intel Corporation Assumes No Responsibly for the Use of Any Circuitry Other Than Circuitry Embodied in an Intel Product No Other Circuit Patent Licenses are Implied 
©INTEL CORPORATION, 1980 2-89 
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Table 1. Pin Description 


Symbol 

Pin No. 

Type 

Name and Function 

V CC 

28 

1 

Supply: +5V Supply. 

GND 

14 

1 

Ground. 

CS 

1 

1 

Chip Select: A low on this pin enables RD and WR communication between the CPU and the 8259A. 
INTA functions are independent of CS. 

WR 

2 

1 

Write: A low on this pin when CS is low enables the 8259Ato accept command words from the CPU. 

RD 

3 

1 

Read: A low on this pin when CS is low enables the 8259Ato release status onto the data bus for the 
CPU. 

D 7 -D 0 

4-11 

I/O 

Bidirectional Data Bus: Control, status and interrupt-vector information is transferred via this bus. 

CAS 0 -CAS 2 

12,13,15 

I/O 

Cascade Lines: The CAS lines form a private 8259A bus to control a multiple 8259A structure. These 
pins are outputs for a master 8259A and inputs for a slave 8259A. 

SP/EN 

16 

I/O 

Slave Program/Enable Buffer: This is a dual function pin. When in the Buffered Mode it can be used 
as an output to control buffer transceivers (EN). When not in the buffered mode it is used as an input 
to designate a master (SP = 1) or slave (SP = 0). 

INT 

17 

0 

Interrupt: This pin goes high whenever a valid interrupt request is asserted. It is used to interrupt the 
CPU, thus it is connected to the CPU’s interrupt pin. 

IR 0 -IR 7 

18-25 

1 

Interrupt Requests: Asynchronous inputs. An interrupt request is executed by raising an IR input 
(low to high), and holding it high until it is acknowledged (Edge Triggered Mode), or just by a high 
level on an IR input (Level Triggered Mode). 

INTA 

26 

1 

Interrupt Acknowledge: This pin is used to enable 8259A interrupt-vector data onto the data bus by 
a sequence of interrupt acknowledge pulses issued by the CPU. 

A 0 

27 

1 

AO Address Line: This pin acts in conjunction with the CS, WR, and RD pins. It is used by the 8259A 
to decipher various Command Words the CPU writes and status the CPU wishes to read. It is typically 
connected to the CPU AO' address line (A1 for iAPX 86, 88). 
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FUNCTIONAL DESCRIPTION 
Interrupts in Microcomputer Systems 

Microcomputer system design requires that I/O devices 
such as keyboards, displays, sensors and other com- 
ponents receive servicing in an efficient manner so that 
large amounts of the total system tasks can be assumed 
by the microcomputer with little or no effect on through- 
put. 

The most common method of servicing such devices is 
the Polled approach. This is where the processor must 
test each device in sequence and in effect “ask” each 
one if it needs servicing. It is easy to see that a large por- 
tion of the main program is looping through this con- 
tinuous polling cycle and that such a method would 
have a serious, detrimental effect on system through- 
put, thus limiting the tasks that could be assumed by 
the microcomputer and reducing the cost effectiveness 
of using such devices. 

A more desirable method would be one that would allow 
the microprocessor to be executing its main program 
and only stop to service peripheral devices when it is 
told to do so by the device itself. In effect, the method 
would provide an external asynchronous input that 
would inform the processor that it should complete 
whatever instruction that is currently being executed 
and fetch a new routine that will service the requesting 
device. Once this servicing is complete, however, the 
processor would resume exactly where it left off. 

This method is called Interrupt. It is easy to see that 
system throughput would drastically increase, and thus 
more tasks could be assumed by the microcomputer to 
further enhance its cost effectiveness. 

The Programmable interrupt Controller (PIC) functions 
as an overall manager in an Interrupt-Driven system 
environment. It accepts requests from the peripheral 
equipment, determines which of the incoming requests 
is of the highest importance (priority), ascertains 
whether the incoming request has a higher priority value 
than the level currently being serviced, and issues an 
interrupt to the CPU based on this determination. 

Each peripheral device or structure usually has a special 
program or “routine” that is associated with its specific 
functional or operational requirements; this is referred 
to as a “service routine”. The PIC, after issuing an Inter- 
rupt to the CPU, must somehow input information into 
the CPU that can “point” the Program Counter to the 
service routine associated with the requesting device. 
This “pointer” is an address in a vectoring table and will 
often be referred to, in this document, as vectoring data. 

The 8259A 

The 8259A is a device specifically designed for use in 
real time, interrupt driven microcomputer systems. It 
manages eight levels or requests and has built-in fea- 
tures for expandability to other 8259A’s (up to 64 levels). 
It is programmed by the system’s software as an I/O 
peripheral. A selection of priority modes is available to 
the programmer so that the manner in which the re- 
quests are processed by the 8259A can be configured to 


match his system requirements. The priority modes can 
be changed or reconfigured dynamically at any time dur- 
ing the main program. This means that the complete 
interrupt structure can be defined as required, based on 
the total system environment. 



Figure 3a. Polled Method 



Figure 3b. Interrupt Method 
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INTERRUPT REQUEST REGISTER (IRR) AND 
IN-SERVICE REGISTER (ISR) 

The interrupts at the IR input lines are handled by two 
registers in cascade, the Interrupt Request Register 
(IRR) and the In-Service Register (ISR). The IRR is used 
to store all the interrupt levels which are requesting ser- 
vice; and the ISR is used to store all the interrupt levels 
which are being serviced. 

PRIORITY RESOLVER 

This logic block determines the priorities of the bits set 
in the IRR. The highest priority is selected and s trobed 
into the corresponding bit of the ISR during INTA pulse. 

INTERRUPT MASK REGISTER (IMR) 

The IMR stores the bits which mask the interrupt lines 
to be masked. The IMR operates on the IRR. Masking of 
a higher priority input will not affect the interrupt 
request lines of lower priority. 

INT (INTERRUPT) 

This output goes directly to the CPU interrupt input. The 
V 0H level on this line is designed to be fully compatible 
with the 8080 A, 8085A and 8086 input levels. 

INTA (INTERRUPT ACKNOWLEDGE) 

INTA pulses will cause the 8259A to release vectoring 
information onto the data bus. The format of this data 
depends on the system mode (^PM) of the 8259A. 

DATA BUS BUFFER 

This 3-state, bidirectional 8-bit buffer is used to inter- 
face the 8259A to the system Data Bus. Control words 
and status information are transferred through the Data 
Bus Buffer. 

READ/WRITE CONTROL LOGIC 

The function of this block is to accept OUTput com- 
mands from the CPU. It contains the Initialization Com- 
mand Word (ICW) registers and Operation Command 
Word (OCW) registers which store the various control 
formats for device operation. This function block also 
allows the status of the 8259A to be transferred onto the 
Data Bus. 

CS (CHIP SELECT) 

A LOW on this input enables the 8259A. No reading or 
writing of the chip will occur unless the device is 
selected. 

WR (WRITE) 

A LOW on this input enables the CPU to write control 
words (ICWs and OCWs) to the 8259A. 

RD (READ) 

A LOW on this input enables the 8259A to send the 
status of the Interrupt Request Register (IRR), In Service 
Register (ISR), the Interrupt Mask Register (IMR), or the 
Interrupt level onto the Data Bus. 



Figure 4a. 8259A Block Diagram 



Figure 4b. 8259A Block Diagram 


A o 

This input signal is used in conjunction with WR and RD 
signals to write commands into the various command 
registers, as well as reading the various status registers 
of the chip. This line can be tied directly to one of the ad- 
dress lines. 
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THE CASCADE BUFFER/COMPARATOR 

This function block stores and compares the IDs of all 
8259A’s used in the system. The associated three I/O 
pins (CASO-2) are outputs when the 8259A is used as a 
master and are inputs when the 8259A is used as a 
slave. As a master, the 8259A sends the ID of the inter- 
rupting slave device onto the CASO-2 lines. The slave 
thus selected will send its preprogrammed subroutine 
address ont o the Data Bus during the next one or two 
consecutive INTA pulses. (See section “Cascading the 
8259A”.) 

INTERRUPT SEQUENCE 

The powerful features of the 8259A in a microcomputer 
system are its programmability and the interrupt routine 
addressing capability. The latter allows direct or indirect 
jumping to the specific interrupt routine requested 
without any polling of the interrupting devices. The nor- 
mal sequence of events during an interrupt depends on 
the type of CPU being used. 

The events occur as follows in an MCS-80/85 system: 

I.One or more of the INTERRUPT REQUEST lines 
(IR7-0) are raised high, setting the corresponding IRR 
bit(s). 

2. The 8259A evaluates these requests, and sends an 
INT to the CPU, if appropriate. 

3. The C PU acknowledges the INT and responds with an 
INTA pulse. 

4. Upon receiving an INTA from the CPU group, the 
highest priority ISR bit is set, and the corresponding 
IRR bit is reset. The 8259A will also release a CALL in- 
struction code (11001101) onto the 8-bit Data Bus 
through its D7-0 pins. 

5. This CALL instruction will initiate two more INTA 
pulses to be sent to the 8259A from the CPU group. 

6. These two INTA pulses allow the 8259A to release its 
preprogrammed subroutine address onto the Data 
Bus. The lower 8-bit address is released at the first 
INTA pulse and and the h igher 8-bit address is re- 
leased at the second INTA pulse. 

7. This completes the 3-byte CALL instruction released 
by the 8259A. In the AEO I mode tbe ISR bit is reset at 
the end of the third INTA pulse. Otherwise, the ISR bit 
remains set until an appropriate EOI command is 
issued at the end of the interrupt sequence. 

The events occurring in an iAPX 86 system are the same 
until step 4. 

4. Upon receiving an INTA from the CPU group, the high- 
est priority ISR bit is set and the corresponding IRR 
bit is reset. The 8259A does not drive the Data Bus 
during this cycle. 

5. The iAPX 86/10 will initiate a second INTA pulse. 
During this pulse, the 8259A releases an 8-bit pointer 
onto the Data Bus where it is read by the CPU. 

6. This completes the interrupt cycle. In the AEOI mode 
the ISR bit is reset at the end of the second INTA 
pulse. Otherwise, the ISR bit remains set until an 
appropriate EOI command is issued at the end of the 
interrupt subroutine. 


If no interrupt request is present at step 4 of either 
sequence (i.e., the request was too short in duration) the 
8259A will issue an interrupt level 7. Both the vectoring 
bytes and the CAS lines will look like an interrupt level 7 
was requested. 


INTA INT 



Figure 4c. 8259A Block Diagram 
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ADDRESS BUS (16) 
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CONTROL BUS 
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I/OR 
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SLAVE PROGRESS/ L 
ENABLE BUFFER 


INTERRUPT 

REQUESTS 


Figure 5. 8259A Interface to Standard 
System Bus 
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INTERRUPT SEQUENCE OUTPUTS 
MCS-80®, MCS-85® 

This sequ ence is timed by three INTA pulses. During the 
first INTA pulse the CALL opcode is enabled onto the 
data bus. 

Content of First Interrupt 
Vector Byte 

D 7 D6 D 5 D 4 D 3 D 2 D 1 00 


CALL CODE 110 0 110 1 


During the second INTA pulse the lower address of the 
appropriate service routine is enabled onto the data bus. 
When Interval = 4 bits A 5 -A 7 are programmed, while A 0 - 
a 4 are automatically inserted by the 8259A. When Inter- 
val = 8 only A 6 and A 7 are programmed, while A 0 -A 5 are 
automatically inserted. 


Content of Second Interrupt 
Vector Byte 


IR 

Interval = 4 


D 7 

D6 

D 5 

D 4 

D 3 

D 2 

D 1 

DO 

7 

A7 

A6 

A5 

1 

1 

1 

0 

0 

6 

A7 

A6 

A5 

1 

1 

0 

0 

0 

5 

A7 

• A6 

A5 

1 

0 

1 

0 

0 

4 

A7 

A6 

A5 

1 ' 

0 

0 

0 

0 

3 

A7 

A6 

A5 

0 

1 

1 

0 

0 

2 

A7 

A6 

A5 

0 

1 

0 

0 

0 

1 

A7 

A6 

A5 

0 

0 

1 

0 

0 

0 

A7 

A6 

A5 

0 

0 

0 

0 

0 


IR 

Interval = 8 ! 


D 7 

D6 

D 5 

D 4 

D 3 

D 2 

D 1 

DO 

7 

A 7 

A6 

1 

1 

1 

0 

0 

0 

6 

A7 

A6 

1 

1 

0 

0 

0 

0 

5 

A7 

A6 

1 

0 

1 

0 

0 

0 

4 

A7 

A6 

1 

0 

0 

0 

0 

0 

3 

A7 

A6 

0 

1 

1 

0 

0 

0 

2 

A7 

A6 

0 

1 

0 

0 

0 

0 

1 

A7 

A6 

0 

0 

1 

0 

0 

0 

0 

A7 

A6 

0 

0 

0 

0 

0 

0 


During the third INTA pulse the higher address of the 
appropriate service routine, which was programmed as 
byte 2 of the initialization sequence (A 8 -A 15 ), is 
enabled onto the bus. 

Content of Third Interrupt 
Vector Byte 

D 7 D6 PS P 4 D 3 D 2 PI DO 

| A15 | A14 | A13 | A12 | All | A10 | A9 | A8 | 

IAPX 86, IAPX 88 

iAPX 86 mode is similar to MCS-80 mode except that only 
two Interrupt Acknowledge cycles are issued by the pro- 
cessor and no CALL opcode is sent to the processor. The 
first interrupt acknowledge cycle is similar to that of 
MCS-80, 85 systems in that the 8259A uses it to internally 
freeze the state of the interrupts for priority resolution and 
as a master it issues the interrupt code on the cascade 
lines at the end of the INTA pulse. On this first cycle it does 


not issue any data to the processor and leaves its data bus 
buffers disabled. On the second interrupt acknowledge 
cycle in iAPX 86 mode the master (or slave if so pro- 
grammed) will send a byte of data to the processor with 
the acknowledged interrupt code composed as follows 
(note the state of the ADI mode control is ignored and 
A5-A-J1 are unused in iAPX 86 mode): 


Content of Interrupt Vector Byte 
for iAPX 86 System Mode 



D 7 

D6 

D 5 

D 4 

D 3 

D 2 

D 1 

DO 

IR7 

T7 

T6 

T5 

T4 

T3 

1 

1 

1 

IR6 

T7 

T6 

T5 

T4 

T3 

1 

1 

0 

IR5 

T7 

T6 

T5 

T4 

T3 

1 

0 

1 

IR4 

T7 

T6 

T5 

T4 

T3 

1 

0 

0 

IR3 

T7 

T6 

T5 

T4 

T3 

0 

1 

1 

IR2 

T7 

T6 

T5 

T4 

T3 

0 

1 

0 

IR 1 

T7 

T6 

T5 

T4 

T3 

0 

0 

1 

IRQ 

17 

T6 

T5 

T4 

T3 

0 

0 

0 


PROGRAMMING THE 8259A 

The 8259A accepts two types of command words gener- 
ated by the CPU: 

1. Initialization Command Words (ICWs): Before normal 
operation can begin, each 8259A in the system must 
be brought to a starting point — by a sequence of 2 to 
4 bytes timed by WR pulses. 

2. Operation Command Words (OCWs): These are the 
command words which command the 8259A to oper- 
ate in various interrupt modes. These modes are: 

a. Fully nested mode 

b. Rotating priority mode 

c. Special mask mode 

d. Polled mode 

The OCWs can be written into the 8259A anytime after 
initialization. 

INITIALIZATION COMMAND WORDS 
(ICWS) 

GENERAL 

Whenever a command is issued with A0 = 0 and D4= 1, 
this is interpreted as Initialization Command Word 1 
(ICW1). ICW1 starts the initialization sequence during 
which the following automatically occur. 

a. The edge sense circuit is reset, which means that fol- 
lowing initialization, an interrupt request (IR) input 
must make a low-to-high transition to generate an 
interrupt. 

b. The Interrupt Mask Register is cleared. 

c. IR7 input is assigned priority 7. 

d. The slave mode address is set to 7. 

e. Special Mask Mode is cleared and Status Read is set to 
IRR. 

f. If IC4=0, then all functions selected in ICW4 are set to 
zero. (Non-Buffered mode*, no Auto-EOI, MCS-80, 85 
system). 

*Note: Master/Slave in ICW4 is only used in the buffered mode. 
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INITIALIZATION COMMAND WORDS 1 AND 2 
(ICW1, ICW2) 

A5-A15: Page starting address of service routines. In an 
MCS 80/85 system, the 8 request levels will generate 
CALLS to 8 locations equally spaced in memory. These 
can be programmed to be spaced at intervals of 4 or 8 
memory locations, thus the 8 routines will occupy a 
page of 32 or 64 bytes, respectively. 

The address format is 2 bytes long (A 0 -A 15 ). When the 
routine interval is 4, A 0 -A 4 are automatically inserted by 
the 8259A, while A 5 -A 15 are programmed externally. 
When the routine interval is 8, A 0 -A 5 are automatically 
inserted by the 8259A, while A 6 -A 15 are programmed 
externally. 

The 8-byte interval will maintain compatibility with cur- 
rent software, while the 4-byte interval is best for a com- 
pact jump table. 

In an iAPX 86 system A-15-An are inserted in the five most 
significant bits of the vectoring byte and the 8259A sets 
the three least significant bits according to the interrupt 
level. A-10-A5 are ignored and ADI (Address interval) has 
no effect. 

LTIM: If LTIM = 1, then the 8259A will operate in the 
level interrupt mode. Edge detect logic on the 
interrupt inputs will be disabled. 

ADI: CALL address interval. ADI = 1 then interval = 4; 

ADI = 0 then interval = 8. 

SNGL: Single. Means that this is the only 8259A in the 
system. If SNGL = 1 no ICW3 will be issued. 

IC4: If this bit is set — ICW4 has to be read. If ICW4 

is not needed, set IC4 = 0. 


INITIALIZATION COMMAND WORD 3 (ICW3) 

This word is read only when there is more than one 

8259A in the system and cascading is used, in which 

case SNGL = 0. It will load the 8-bit slave register. The 

functions of this register are: 

a. In the master mode (either when SP = 1 , or in buffered 
mode when M/S=1 in ICW4) a “1” is set for each 
slave in the system. The master then will release byte 
1 of the call sequence (for MCS-80/85 system) and 
will enable the corresponding slave to release bytes 2 
and 3 (for iAPX 86 only byte 2) through the cascade 
lines. 

b. In the slave mode (either when SP = 0, or if BUF= 1 
and M/S = Q in ICW4) bits 2-0 identify the slave. The 
slave compares its cascade input with these bits and, 
if they are equal, bytes 2 and 3 of the call sequence (or 
just byte 2 for iAPX 86 are released by it on the Data 
Bus. 

INITIALIZATION COMMAND WORD 4 (ICW4) 

SFNM: If SFNM = 1 the special fully nested mode is 
programmed. 

BUF: If BUF= 1 the buffered mode is programmed. In 
buffered mode SP/EN becomes an enable output 
and the master/slave determination is by M/S. 

M/S: If buffered mode is selected: M/S= 1 means the 

8259A is programmed to be a master, M/S = 0 
means the 8259A is programmed to be a slave. If 
BUF = 0, M/S has no function. 

AEOI: If AEOI = 1 the automatic end of interrupt mode 
is programmed. 

juPM: Microprocessor mode: /xPM = 0 sets the 8259A for 
MCS-80, 85 system operation, fjuPM = 1 sets the 
8259A for iAPX 86 system operation. 



Figure 6. Initialization Sequence 
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ICW1 


A 0 °7 °« , °4 °3 °7 °0 



ICW2 


A 0 °7 °« °S D« Dj °2 D 1 D 0 



ICW3 (SLAVE DEVICE) 

Ag 0 7 D 6 0^ D 4 Dj 0 2 D, D 0 



AO 

07 

D6 


04 

03 

02 

Dl 

DO 

□ 

□ 

Lj 

LlJ 

SFNM 

| 

BUF 

M/S 

AEOI 

mPM 


NOTE 1: SLAVE ID IS EQUAL TO THE CORRESPONDING 
MASTER IR INPUT 


NON BUFFERED MODE 
BUFFERED MODE/SLAVE 
BUFFERED MODE/MASTER 


= SPECIAL FULLY NESTED 
MODE 

= NOT SPECIAL FULLY 
NESTED MODE 


Figure 7. Initialization Command Word Format 
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OPERATION COMMAND WORDS (OCWs) 

After the Initialization Command Words (ICWs) are pro- 
grammed into the 8259A, the chip is ready to accept 
interrupt requests at its input lines. However, during the 
8259A operation, a selection of algorithms can com- 
mand the 8259A to operate in various modes through 
the Operation Command Words (OCWs). 


OPERATION CONTROL WORDS (OCWs) 


ocwi 

AO D7 D6 OS D4 D3 D2 D1 DO 

DU DzZ M6 M5 M4 M3 M2 Ml MO | 


OCW2 

~0~] | R SL EOI 0 0 L2 LI LO 


OCW3 

I 0 1 | 0 ESMM SMM 0 1 P RR Ris| 


OPERATION CONTROL WORD 1 (OCWI) 

OCWI sets and clears the mask bits in the interrupt 
Mask Register (IMR). M 7 - M 0 represent the eight mask 
bits. M = 1 indicates the channel is masked 
(inhibited), M = 0 indicates the channel is enabled. 


OPERATION CONTROL WORD 2 (OCW2) 

R, SL, EOI — These three bits control the Rotate and 
End of Interrupt modes and combinations of the two. A 
chart of these combinations can be found on the Opera- 
tion Command Word Format. 

L 2 , L-i, Lq — These bits determine the interrupt level acted 
upon when the SL bit is active. 


OPERATION CONTROL WORD 3 (OCW3) 

ESMM Enable Special Mask Mode. When this bit is 
set to 1 it enables the SMM bit to set or reset the Special 
Mask Mode. When ESMM = 0 the SMM bit becomes a 
“don’t care”. 

SMM — Special Mask Mode. If ESMM = 1 and SMM = 1 
the 8259A will enter Special Mask Mode. If ESMM = 1 
and SMM = 0 the 8259A will revert to normal mask mode. 
When ESMM = 0, SMM has no effect. 
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FULLY NESTED MODE 

This mode is entered after initialization unless another 
mode is programmed. The interrupt requests are 
ordered in priority form 0 through 7 (0 highest). When an 
interrupt is acknowledged the highest priority request is 
determined and its vector placed on the bus. Additional- 
ly, a bit of the Interrupt Service register (ISO-7) is set. 
This bit remains set until the microprocessor issues an 
End of Interrupt (EOI) command immediately before 
returning from the service routine, or if AEOI (Automatic 
End of Interrupt) bit is set, until the trailing edge of the 
last INTA. While the IS bit is set, all further interrupts of 
the same or lower priority are inhibited, while higher 
levels will generate an interrupt (which will be 
acknowledged only if the microprocessor internal Inter- 
rupt enable flip-flop has been re-enabled through soft- 
ware). 

After the Initialization sequence, IRO has the highest 
priority and IR7 the lowest. Priorities can be changed, as 
will be explained, in the rotating priority mode. 

END OF INTERRUPT (EOI) 

The In Service (IS) bit can be reset either automat ically 
following the trailing edge of the last in sequence INTA 
pulse (when AEOI bit in ICW1 is set) or by a command 
word that must be issued to the 8259A before returning 
from a service routine (EOI command). An EOI command 
must be issued twice if in the Cascade mode, once for the 
master and once for the corresponding slave. 

There are two forms of EOI command: Specific and Non- 
Specific. When the 8259A is operated in modes which 
preserve the fully nested structure, it can determine 
which IS bit to reset on EOI. When a Non-Specific EOI 
command is issued the 8259A will automatically reset 
the highest IS bit of those that are set, since in the 
fully nested mode the highest IS level was necessarily the 
last level acknowledged and serviced. A non-specific EOI 
can be issued with OCW2 (EOI = 1, SL = 0, R = 0). 

When a mode is used which may disturb the fully nested 
structure, the 8259A may no longer be able to determine 
the last level acknowledged. In this case a Specific End of 
Interrupt must be issued which includes as part of "the 
command the IS level to be reset. A specific EOI can be is- 
sued with OCW2 (EOI = 1 , SL = 1 , R = 0, and LO-L2 is the 
binary level of the IS bit to be reset). 

It should be noted that an IS bit that is masked by an 
IMR bit will not be cleared by a non-specific EOI if the 
8259A is in the Special Mask Mode. 

AUTOMATIC END OF INTERRUPT (AEOI) MODE 

If AEOI = 1 in ICW4, then the 8259A will operate in AEOI 
mode continuously until reprogrammed by ICW4. In this 
mode the 8259A will automatically perform a non- 
specific EOI operation at the trailing edge of the last 
interrupt acknowledge pulse (third pulse in MCS-80/85, 
second in iAPX 86). Note that from a system standpoint, 
this mode should be used only when a nested multilevel 
interrupt structure is not required within a single 8259A. 

The AEOI mode can only be used in a master 8259A and 
not a slave. 


AUTOMATIC ROTATION 
(Equal Priority Devices) 

In some applications there are a number of interrupting 
devices of equal priority. In this mode a device, after 
being serviced, receives the lowest priority, so a device 
requesting an interrupt will have to wait, in the worst 
case until each of 7 other devices are serviced at most 
once. For example, if the priority and “in service” status 
is: 

Before Rotate (IR4 the highest priority requiring sen/ice) 


IS7 IS6 IS5 IS4 IS3 IS2 IS1 ISO 


"IS" Status 

□l 


o 

o 

© 

o 


Low# 

st Priority 

Hlghstt Priority 

Priority Status 

M 

* 6 1 5 1 4 

| 3 | 2 | 1 f'O | 


After Rotate (IR4 was serviced, all other priorities 
rotated correspondingly) 

IS7 ISO IS5 IS4 IS3 IS2 IS1 ISO 

“!S” Status |o|l|o|o|o|o|o|(5~~| 


Highest Priority Lowest Priority 



There are two ways to accomplish Automatic Rotation 
using OCW2, the Rotation on Non-Specific EOI Command 
(R = 1, SL = 0, EOI = 1) and the Rotate in Automatic EOI 
Mode which is set by (R = 1 , SL = 0, EOI = 0) and cleared 
by (R = 0, SL = 0, EOI = 0). 

SPECIFIC ROTATION 
(Specific Priority) 

The programmer can change priorities by programming 
the bottom priority and thus fixing all other priorities; 
i.e., if IR5 is programmed as the bottom priority device, 
then IR6 will have the highest one. 

The Set Priority command is issued in OCW2 where: 
R = 1 , SL = 1 ; LO-L2 is the binary priority level code of the 
bottom priority device. 

Observe that in this mode internal status is updated by 
software control during OCW2. However, it is independent 
of the End of Interrupt (EOI) command (also executed by 
OCW2). Priority changes can be executed during an EOI 
command by using the Rotate on Specific EOI command 
in OCW2 (R = 1 , SL = 1 , EOI = 1 and LO-L2 = IR level to 
receive bottom priority). 

INTERRUPT MASKS 

Each Interrupt Request input can be masked individu- 
ally by the Interrupt Mask Register (IMR) programmed 
through OCW1. Each bit in the IMR masks one interrupt 
channel if it is set (1). Bit 0 masks IRO, Bit 1 masks IR1 
and so forth. Masking an IR channel does not affect the 
other channels operation. 
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SPECIAL MASK MODE 

Some applications may require an interrupt service 
routine to dynamically alter the system priority struc- 
ture during its execution under software control. For 
example, the routine may wish to inhibit lower priority 
requests for a portion of its execution but enable some 
of them for another portion. 

The difficulty here is that if an Interrupt Request is 
acknowledged and an End of Interrupt command did not 
reset its IS bit (i.e., while executing a service routine), 
the 8259A would have inhibited all lower priority 
requests with no easy way for the routine to enable 
them 

That is where the Special Mask Mode comes in. In the 
special Mask Mode, when a mask bit is set in OCW1, it 
inhibits further interrupts at that level and enables inter- 
rupts from all other levels (lower as well as higher) that 
are not masked. 

Thus, any interrupts may be selectively enabled by 
loading the mask register. 

The special Mask Mode is set by OCW3 where: 
SSMM = 1, SMM = 1, and cleared where SSMM = 1, 
SMM = 0. 


POLL COMMAND 

In this mode the INT output is not used or the micropro- 
cessor internal Interrupt Enable flip-flop is reset, disabling 
its interrupt input. Service to devices is achieved by 
software using a Poll command. 

The Poll command is issued by setting P = “1” in OCW3. 
The 8259A treats the next RD pulse to the 8259A (i.e., 
RD = 0, £3 = 0) as an interrupt acknowledge, sets the 
appropriate IS bit if there is a request, and reads the 
priority level. Interrupt is frozen from WR to RD. 

The word enabled onto the data bus during RD is: 

07 D6 OS D4 D3 02 D1 DO 

| T — — - - W2 W1 W0~] 

W0-W2: Binary code of the highest priority level 
requesting service. 

I: Equal to a “1” if there is an interrupt. 

This mode is useful if there is a r outine command com- 
mon to several levels so that the INtA sequence is not 
needed (saves ROM space). Another application is to 
use the poll mode to expand the number of priority 
levels to more than 64. 


MCS-80, 85 
MODE 


iAPX 86 
MODE 



NOTES 

1 MASTER CLEAR ACTIVE ONLY DURING ICW1 

2 FREEZE/ IS ACTIVE DURING INTA/ AND ROLL SEQUENCES ONLY 

3 TRUTH TABLE FOR D LATCH 

C I O 1 0 OPERATI ON 

1 Di Oi FOLLOW 

' 0 XI Qn-1 HOLD 


Figure 9. Priority Cell — Simplified Logic Diagram 
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READING THE 8259A STATUS 

The input status of several internal registers can be read to 
update the user information on the system. The following 
registers can be read via OCW3 (IRR and ISR or OCW1 
[IMR]). 

Interrupt Request Register (IRR): 8-bit register which con- 
tains the levels requesting an interrupt to be acknowl- 
edged. The highest request level is reset from the IRR 
when an interrupt is acknowledged. (Not affected by IMR.) 

In-Service Register(ISR): 8-bit register which contains the 
priority levels that are being serviced. The ISR is updated 
when an End of Interrupt Command is issued. 

Interrupt Mask Register: 8-bit register which contains the 
interrupt request lines which are masked. 

The IRR can be read when, prior to the RD pulse, a Read 
Register Command is issued with OCW3(RR = 1, RIS = 0.) 

The ISR can be read when, prior to the RD pulse, a Read 
Register Command is issued with OCW3 (RR = 1 , RIS = 1 ). 

There is no need to write an OCW3 before every status 
read operation, as long as the status read corresponds 
with the previous one; i.e., the 8259A “remembers’’ 
whether the IRR or ISR has been previously selected by 
the OCW3. This is not true when poll is used. 

After initialization the 8259A is set to IRR. 

For reading the IMR, no OCW3 is needed. The output data 
bus will contain the IMR whenever TO is active and AO =1 
(OCW1). 

Polling overrides status read when P = 1 , RR = 1 in OCW3. 


EDGE AND LEVEL TRIGGERED MODES 

This mode is programmed using bit 3 in ICW1. 

If LTIM = ‘O’, an interrupt request will be recognized by a 
low to high transition on an IR input. The IR input can re- 
main high without generating another interrupt. 

If LTIM = ‘1 ’, an interrupt request will be recognized by a 
‘high’ level on IR Input, and there is no need for an edge 
detection. The interrupt request must be removed before 
the EOI command is issued or the CPU interrupt is enabled 
to prevent a second interrupt from occurring. 

The priority cell diagram shows a conceptual circuit of the 
level sensitive and edge sensitive input circuitry of the 
8259A. Be sure to note that the request latch is a transpar- 
ent D type latch. 

In both the edge and level triggered modes the IR inputs 
must remain high until after the falling edge of the first 
INTA. If the IR input goes low before this time a DEFAULT 
IR7 will occur when the CPU acknowledges the interrupt. 
This can be a useful safeguard for detecting interrupts 
caused by spurious noise glitches on the IR inputs. To im- 
plement this feature the IR7 routine is used for “clean up” 
simply executing a return instruction, thus ignoring the 
interrupt. If IR7 is needed for other purposes a default IR7 
can still be detected by reading the ISR. A normal IR7 
interrupt will set the corresponding ISR bit, a default IR7 
won’t. If a default IR7 routine occurs during a normal IR7 
routine, however, the ISR will remain set. In this case it is 
necessary to keep track of whether or not the IR7 routine 
was previously entered. If another IR7 occurs it is a 
default. 



Figure 10. IR Triggering Timing Requirements 
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THE SPECIAL FULLY NESTED MODE 

This mode will be used in the case of a big system 
where cascading is used, and the priority has to be con- 
served within each slave. In this case the fully nested 
mode will be programmed to the master (using ICW4). 
This mode is similar to the normal nested mode with the 
following exceptions: 


mode, whjmej/er the 8259A’s data bus outputs are ena- 
bled, the SP/EN output becomes active. 

This modification forces the use of software program- 
ming to determine whether the 8259A is a master or a 
slave. Bit 3 in ICW4 programs the buffered mode, and bit 
2 in ICW4 determines whether it is a master or a slave. 

CASCADE MODE 


a. When an interrupt request from a certain slave is in 
service this slave is not locked out from the master’s 
priority logic and further interrupt requests from 
higher priority IR’s within the slave will be recognized 
by the master and will initiate interrupts to the proc- 
essor. (In the normal nested mode a slave is masked 
out when its request is in service and no higher 
requests from the same slave can be serviced.) 

b. When exiting the Interrupt Service routine the soft- 
ware has to check whether the interrupt serviced was 
the only one from that slave. This is done by sending 
a non-specific End of Interrupt (EOI) command to the 
slave and then reading its In-Service register and 
checking for zero. If it is empty, a non-specific EOI 
can be sent to the master too. If not, no EOi should be 
sent. 

BUFFERED MODE 

When the 8259A is used in a large system where bus 
driving buffers are required on the data bus and the cas- 
cading mode is used, there exists the problem of enabl- 
ing buffers. 

The buffered mode will structure the 8259A to send an 
enable signal on SP/EN to enable the buffers. In this 


The 8259A can be easily interconnected in a system of one 
master with up to eight slaves to handle up to 64 priority 
levels. 

The master controls the slaves through the 3 line cascade 
bus. The c ascad e bus acts like chip selects to the slaves 
during the INTA sequence. 

In a cascade configuration, the slave interrupt outputs are 
connected to the master interrupt request inputs. When a 
slave request line is activated and afterwards acknowl- 
edged, the master will enable the corresponding slave to 
release the device routine address during bytes 2 and 3 of 
INTA. (Byte 2 only for 8086/8088). 

The cascade bus lines are normally low and will contain 
the slave address code from the trailing edge of the first 
INTA pulse to the trailing edge of the third pulse. Each 
8259A in the system must follow a separate initialization 
sequence and can be programmed to work in a different 
mode. An EOI command must be issued twice: once for 
the master and once for the corresponding slave. An 
address decoder is required to activate the Chip Select 
(CS) input of each 8259A. 

The cascade lines of the Master 8259A are activated only 
for slave inputs, non slave inputs leave the cascade line 
inactive (low). 



INTERRUPT REQUESTS 


Figure 11. Cascading the 8259A 
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ABSOLUTE MAXIMUM RATINGS* 


Ambient Temperature Under Bias 0°C to 70°C 

Storage Temperature -65°Cto +150°C 

Voltage on Any Pin 

with Respect to Ground -0.5Vto+7V 

Power Dissipation 1 Watt 


*NOTICE: Stresses above those listed under “Absolute 
Maximum Ratings’’ may cause permanent damage to the 
device. This is a stress rating only and functional opera- 
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi- 
cation is not implied. 


D.C. CHARACTERISTICS [T a = CFC to 70°C, V cc = 5V±5%(8259A-8),V CC = 5V±10%(8259A,8259A-2)] 


Symbol 

Parameter 

Min. 

Max. 

Units 

Test Conditions 

V(L 

Input Low Voltage 

-0.5 

0.8 

V 


V| H 

Input High Voltage 

2.0* 

V CC +0-5V 

V 


V 0 L 

Output Low Voltage 


0.45 

V 

Iql = 2.2mA 

v OH 

Output High Voltage 

2.4 


V 

lOH = -400/xA 

V OH(INT) 

Interrupt Output High 
Voltage 

3.5 


V 

lOH = -100 /aA 

2.4 


V 

lOH = —400/a A 

«LI 

Input Load Current 

-10 

+ 10 

pA 

0V =sV|n =sVcc 

>LOL 

Output Leakage Current 

-10 

+ 10 

pA 

0.45V ^V 0U T^ V CC 

•cc 

Vcc Supply Current 


85 

mA 


•lir 

IR Input Load Current 


-300 

/x A 

V| N “ 0 


10 

fJL A 

< 

2 

II 

< 

O 

O 


*Note: For Extended Temperature EXPRESS V, H = 2.3V. 


CAPACITANCE (t a = 25°C; v C c = gnd = ov) 


Symbol 

Parameter 

Min. 

Typ. 

Max. 

Unit 

Test Conditions 

C|N 

Input Capacitance 



10 

PF 

fc = 1 MHZ 

c l/0 

I/O Capacitance 



20 

PF 

Unmeasured pins returned toV S s 


A.C. CHARACTERISTICS [T a = 0°C to 70°C, Vcc = 5V ±5% (8259A-8), V cc = 5V ± 10% (8259A, 8259A-2)] 


TIMING REQUIREMENTS 


Symbol 

Parameter 

8259A-8 

8259A 

8259A-2 

Units 

Test Conditions 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

TAHRL 

AO/CS Setup to RD/INTAI 

50 


0 


0 


ns 


TRHAX 

AO/CS Hold after RD/INTAt 

5 


0 


0 


ns 


TRLRH 

RD Pulse Width 

420 


235 


160 


ns 


TAHWL 

AO/CS Setup to WRj 

50 


0 


0 


ns 


TWHAX 

AO/CS Hold afterWRt 

20 


0 


0 


ns 


TWLWH 

WR Pulse Width 

400 


290 


190 


ns 


TDVWH 

Data Setup to WR| 

300 


240 


160 


ns 


TWHDX 

Data Hold afterWRt 

40 


0 


0 


ns 


TJLJH 

Interrupt Request Width (Low) 

100 


100 


100 


ns 

See Note 1 

TCVIAL 

Cascade Setup to Second or Third 
INTAj (Slave Only) 

55 


55 


40 


ns 


TRHRL 

End of RD to next RD 

End of INTA to next INTA within 

an INTA sequence only 

160 


160 


160 


ns 


TWHWL 

End of WR to nextWR 

190 


190 


190 


ns 



2-103 






8259A/8259A-2/8259A-8 


intef 


A C. CHARACTERISTICS (Continued) 




8259A-8 

8259A 

8259A-2 





Min. 

Max. 

Min. 

Max. 

Min. 

Max. 



*TCHCL 

End of Command to next Command 
(Not same command type) 

End of INTA sequence to next 
INTA sequence. 

500 


500 


500 


ns 



‘Worst case timing for TCHCL in an actual microprocessor system is typically much greater than 500 ns (i.e. 8085A = 1.6/lis, 
8085A-2 = 1/as, 8086 = 1/uS, 8086-2 = 625 ns) 

NOTE: This is the low time required to clear the input latch in the edge triggered mode. 


TIMING RESPONSES 


Symbol 

Parameter 

8259A-8 

8259A 

8259A-2 

Units 

Test Conditions 



Min. 

Max. 

Min. 

Max. 

Min. 

Max. 



TRLDV 

Data Valid from RD/iNTAj 


300 


200 


120 

ns 

C of Data Bus = 
100 pF 

TRHDZ 

Data Float after RD/INTAf 

10 

200 

10 

ioo ; 

10 

85 

ns 

C of Data Bus 

TJHIH 

Interrupt Output Delay 


400 


350 


300 

ns 

Max text C = 100 pF 
Min. test C — 15 pF 

TIALCV 

Cascade Valid from First INTAJ 
(Master Only) 


565 


565 


360 

ns 

Cint = 100 pF 

TRLEL 

Enable Active from RDJ or INTAj 


160 


125 


100 

ns 

^CASCADE = 100 pF 

TRHEH 

Enable Inactive from RDj or INTAJ 


325 


150 


150 

ns 


TAHDV 

Data Valid from Stable Address 


350 


200 


200 

ns _ 


TCVDV 

Cascade Valid to Valid Data 


300 


300 


200 

ns 



A.C. TESTING INPUT, OUTPUT WAVEFORM A.C. TESTING LOAD CIRCUIT 
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WAVEFORMS (Continued) 



NOTES: Interrupt output must remain HIGH at least until leading edge of first INTA. 
1. Cycle 1 in iAPX 86, iAPX 88 systems, the Data Bus is not active. 





87S5A/8755A-2 
16, 384-BIT EPROM WITH I/O 



■ 2048 Words x 8 Bits 

■ Single + 5V Power Supply (V C c) 

■ Directly Compatible with 8085A 
and 8088 Microprocessors 

■ U.V. Erasable and Electrically 
Reprogrammable 

■ Internal Address Latch 


■ 2 General Purpose 8-Bit I/O Ports 

■ Each I/O Port Line Individually 
Programmable as Input or Output 

■ Multiplexed Address and Data Bus 

■ 40-Pin DIP 

■ Available in EXPRESS 

- Standard Temperature Range 

- Extended Temperature Range 


The Intel® 8755A is an erasable and electrically reprogrammable ROM (EPROM) and I/O chip to be used in the 8085AH and 
iAPX 88 microprocessor systems. The EPROM portion is organized as 2048 words by 8 bits It has a maximum access time of 
450 ns to permit use with no wait states in an 8085AH CPU. 

The I/O portion consists of 2 general purpose I/O ports. Each I/O port has 8 port lines, and each I/O port line is individually 
programmable as input or output. 

The 8755A-2 is a high speed selected version of the 8755A compatible with the 5 MHz 8085AH-2 and the 5 MHz iAPX 88 
microprocessor. 




Figure 1. Block Diagram 


Figure 2. Pin Configuration 


Intel Corporation Assumes No Responsibilty for the Use of Any Circuitry Other Than Circuitry Embodied in an Intel Product No Other Circuit Patent Licenses are Implied 
©INTEL CORPORATION, 1980 
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Table 1. Pin Description' 


Symbol 

Type 

Name and Function 

READY 

0 

Ready is a 3-state output controlled by 
CEi, CE 2 , ALE and CLK. READY is forc- 
ed low when the Chip Enables are active 
during the time ALE is high, and re- 
mains low until the rising edge of the 
next CLK. (See Figure 6 c.) 

1 

CL 

I/O 

Port A: These are general purpose I/O 
pins. Their input/output direction is de- 
termined by the contents of Data Direc- 
tion Register (DDR). Port A is selected for 
write operations when the Chip Enables 
are active and IOW is low and a 0 was 
previously latched from ADq, AD^. 

Read Operation is selected by either IOR 
low and active Chip Enables and AD 0 
and AD-| low, or IO/M high, RD low, active 
Chip Enables, and AD 0 and AD-| low. 

PB 0 ~7 

I/O 

Port B: This general purpose I/O port is 
identical to Port A except that it is 
selected by a 1 latched from ADq and a‘0 
from ADf . 

RESET 

1 

Reset: In normal operation, an input 
high on RESET causes all pins in Ports A 
and B to assume input mode (clear DDR 
register). 

iOR 

1 

I/O Read: When the Chip Enables are 
active, a low on IOR will output the 
selected I/O port onto the AD bus. TOR 
low performs the same function as the 
combination of IO/M high and RD low. 
When IOR is not used in a system, IOR 
should be tied to Vcc (“1 ”)- 

V CC 


Power: +5 volt supply. 

V SS 


Ground: Reference. 

V DD 


Power Supply: Vqd is a programming 
voltaoe. and must be tied to Vrr when 
the 8755 A is being read. 

For programming, a high voltage is 
supplied with V D d = 25V, typical. (See 
section on programming.) 


Symbol 

Type 

Name and Function 

ALE 

1 

Address Latch Enable: When Address 
Latch Enable goes high, ADq- 7 , IO/M, 
As— iq, CE 2> and CE 1 enter the address 
latches. The signals (AD, IO/M AD 8 _io, 
CE 2 , CEi) are latched in at the trailing 
edge of ALE. 

AD 0 — 7 

1 

Bidirectional Address/Data Bus: The 

lower 8 -bits of the PROM or I/O address 
are applied to the bus lines when ALE is 
high. 

During an I/O cycle, Port A or B is 
selected based on the latched value of 
AD 0 . IF RD or IOR is low when the latched 
Chip Enables are active, the output buf- 
fers present data on the bus. 

A 8-10 

' 

Address Bus: These are the high order 
bits of the PROM address. They do not 
affect I/O operations. 

prog/ce} 

ce 2 


Chip Enable Inputs: CEi is active low 
and CE 2 is active high. The 8755A can be 
accessed only when both Chip Enables 
are active at the time the ALE signal 
latches them up. If either Chip Enable 
input is not active, the ADq -7 and 
READY outputs will be in a high impe- 
dance state.CE-i is also used as a pro- 
gramming pin. (See section on 
programming.) 

IO/M 

1 

I/O Memory: If the latched IO/M is high 
when RD is low, the output data comes 
from an I/O port. If it is low the output 
data comes from the PROM. 

RD 

1 

Read: If the latched Chip Enables are . 
active when RD goes low, the ADq -7 
output buffers are enabled and output 
either the selected PROM location or I/O 
port. When both RD and IOR are high, 
the AD 0-7 output buffers are 3-stated. 

IOW 

1 

I/O Write: If the latched Chip Enables are 
active, a low on IOW causes the output 
port pointed to by the latched value of 
ADo to be writtenwith the data on AD 0 - 7 . 
The state of IO/M is ignored. 

CLK 

1 

Clock: The CLK is used to force the 
READY into its high impedance state 
after it has been forced low by CE! low, 
CE 2 high, and ALE high. 
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FUNCTIONAL DESCRIPTION 
PROM Section 

The 8755A contains an 8-bit address latch which allows it 
to interface directly to MCS-48, MCS-85 and iAPX 88/10 
Microcomputers without additional hardware. 

The PROM section of the chip is addressed by the 11-bit 
address and the Chip Enables. The address, CE-, and 
CE 2 are latched into the address latches on the falling 
edge of ALE. If the latched Chip Enables are active and 
I O/M is low when RD goes low, the contents of the 
PROM location addressed by the latched address are 
put out on the ADq- 7 lines (provided that V DD is tied to 

v cc .) 

I/O Section 

The I/O section of the chip is addressed by the latched 
value of ADo-i. Two 8-bit Data Direction Registers (DDR) 
in 8755A determine the input/output status of each pin 
in the corresponding ports. A “0” in a particular bit posi- 
tion of a DDR signifies that the corresponding I/O port bit 
is in the input mode A “1” in a particular bit position signi- 
fies that the corresponding I/O port bit is in the output 
mode. In this manner the I/O ports of the8755A are bit-by- 
bit programmable as inputs or outputs. The table 
summarizes port and DDR designation. DDR’s cannot be 
read. 


ADi 

ADo 

Selection 

0 

0 

Port A 

0 

1 

Port B 

1 

0 

Port A Data Direction Register (DDR A) 

1 

1 

Port B Data Direction Register (DDR B) 


When IOW goes low and the Chip Enables are active, 
the data on the AD 0 _7 is written into I/O port selected 
by the latched value of AD 0 _i- During this operation all 
I/O bits of the selected port are affected, regardless of 
their I/O mode and the stat e of IO/M. The actual output 
level does not change until IOW returns high, (glitch free 
output) 

A port can be read out when the latched Chip Enables are 
active and either RDgoes low with IO/M high, or lORgoes 
low Both input and output mode bits of a selected port 
will appear on lines AD 0 - 7 . 

To clarify the function of the I/O Ports and Data Direction 
Registers, the following diagram shows the configuration 
of one bit of PORT A and DDR A The same logic applies 
to PORT B and DDR B. 


8755A 

ONE BIT OF PORT A AND DDR A 



READ PA 


WRITE PA = (I0W=Q) • (CHIP ENABLES ACTIVE) • (PORT A ADDRESS SELECTED) 

WRITE DDR A = (I0W=0) • (CHIP ENABLES ACTIVE) • (DDR A AODRESS SELECTED) 

READ PA = {[(I0/M=1) • (fiD=0)] ♦ (IOR=0)} • (CHIP ENABLES ACTIVE) • (PORT A ADDRESS SELECTED) 

NOTE WRITE PA IS NOT QUALIFIED BY 10/M 

Note that hardware RESET or writing a zero to the DDR 
latch will cause the output latch’s output buffer to be 
disabled, preventing the data in the Output Latch from 
being passed through to the pm. This is equivalent to 
putting the port in the input mode. Note also that the data 
can be written to the Output Latch even though the Output 
Buffer has been disabled. This enables a port to be ini- 
tialized with a value prior to enabling the- output. 

The diagram also shows that the contents of PORT A and 
PORT B can be read even when the ports are configured 
as outputs. 


TABLE 1. 8755A PROGRAMMING MODULE CROSS 
REFERENCE 


MODULE NAME 

USE WITH 

UPP 955 

UPP(4) 

UPP UP2(2) 

UPP 855 

PROMPT 975 

PROMPT 80/85(3) 

PROMPT 475 

PROMPT 48(1) 

NOTES: 


1. Described on p. 13-34 of 1978 Data Catalog. 

2. Special adaptor socket. 

3 Described on p. 13-39 of 1978 Data Catalog. 

4. Described on p. 

13-71 of 1978 Data Catalog. 
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ERASURE CHARACTERISTICS 

The erasure characteristics of the 8755A are such that 
erasure begins to occur when exposed to light with 
wavelengths shorter than approximately 4000 Angstroms 
(A). It should be noted that sunlight and certain types of 
fluorescent lamps have wavelengths in the 3000-4000A 
range. Data show that constant exposure to room level 
fluorescent lighting could erase the typical 8755A in 
approximately 3 years while it would take approximately 1 
week to cause erasure when exposed to direct sunlight. 
If the 8755 A is to be exposed to these types of lighting 
conditions for extended periods of time, opaque labels 
are available from Intel which should be placed over the 
8755 window to prevent unintentional erasure. 

The recommended erasure procedure for the 8755A is 
exposure to shortwave ultraviolet light which has a wave- 
length of 2537 Angstroms (A). The integrated dose (i.e., 
UV intensity X exposure time) for erasure should be a 
minimum of 15W-sec/cm2. The erasure time with this 
dosage is approximately 15 to 20 minutes using an ultra- 
violet lamp with a 12000/xW/cm2 power rating. The 
8755A should be placed within one inch from the lamp 
tubes during erasure. Some lamps have a filter on their 
tubes and this filter should be removed before erasure. 

PROGRAMMING 

Initially, and after each erasure, all bits of the EPROM 
portions of the 8755A are in the “1” state. Information is 
introduced by selectively programming “0” into the 
desired bit locations. A programmed “0” can only be 
changed to a “1” by UV erasure. 

The 8755A can be programmed on the Intel® Universal 
PROM Programmer (UPP), and the PROMPT™ 80/85 and 
PROMPT-48™ design aids. The appropriate programming 
modules and adapters for use in programming both 
8755 A’s and 8755’s are shown in Table 1 . 

The program mode itself consists of programming a 
single address at a time, giving a single 50 msec pulse 
for every address. Generally, it is desirable to have a 
verify cycle after a program cycle for the same address 
as shown in the attached timing diagram. In the verify 
cycle (i.e., normal memory read cycle) ‘Vpp’ should 
be at +5V. 

Preliminary timing diagrams and parameter values per- 
taining to the 8755A programming operation are con- 
tained in Figure 7. 


SYSTEM APPLICATIONS 

System Interface with 8085AH and iAPX 88 

A system using the 8755A can use either one of the two I/O 
Interface techniques: 

• Standard I/O 

• Memory Mapped I/O 

If a standard I/O technique is use d, the system can use 
the feature of both CE 2 and CE^ By using a combina- 
tion of unused address lines A-j i 15 and the Chip 

Enable inputs, the 8085AH system can use up to 5 each 
8755A’s without requiring a CE decoder. See Figure 4a and 4b. 

If a memory mapped I/O approach is used the 8755A will 
be selected by_the combination of both the Chip 
Enables and IO/M using AD 8 _ 15 address lines. See 
Figure 3. 



8085AH 

A K 

( A 8-15 



r i 

r > 

N 

/I 




i/ 
K 

( AD 0-7 


_ . . . ____ 



Nl 

ALE 






1/ 

RD 






WR 







CLK (02) 








READY 









IO/M 












7 \ 

7 










a/D 0-7 A 8-10 RD CLK 10/M 

I0R ALE iOW READY CE 

8755A 






Figure 3. 8755A in 8085AH System 
(Memory-Mapped I/O) 
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iAPX 88 FIVE CHIP SYSTEM 

Figure 4 shows a five chip system containing 

• 1.25K Bytes RAM 

• 2K Bytes EPROM 

• 38 I/O Pins 

• 1 Interval Timer 

• 2 Interrupt Levels 


k8 — Al9 AOOR 


ad 0 -ad 7 k addr/data 



Xi x 2 
clk[- 


MN/MX V cc 
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Nr 
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Figure 4a. iAPX 88 Five Chip System Configuration 






Figure 4b. 8755A in 8085A System (Standard I/O) 



Note: Use CE-j for the first 8755A in the system, and CE 2 for the other 8755A's. Permits up to 5-3755A's in a system without CE decoder. 
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ABSOLUTE MAXIMUM RATINGS* 


Temperature Under Bias 0°Cto+70°C 

Storage Temperature -65°C to +1 50°C 

Voltage on Any Pm 

With Respect to Ground . . . -0 5V to +7V 

Power Dissipation . . 1 5W 


* NOTICE : Stresses above those listed under “Absolute 
Maximum Ratings’’ may cause permanent damage to the 
device. This is a stress rating only and functional opera- 
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi- 
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 


D.C. CHARACTERISTICS (T a = o°c to 70°, v cc = v DD = sv ± 5%; 

V CC = Vdd = 5V ±10% for 8755A-2) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNITS 

TEST CONDITIONS 

V| L 

Input Low Voltage 

-0.5 

0.8 

V 

V CC = 5 0V 

V| H 

Input High Voltage 

2.0 

Vcc+0.5 

V 

V CC = 5.0V 

o< 

r~ 

Output Low Voltage 


0.45 

V 

Iql ~ 2 mA 

VOH 

Output High Voltage 

2.4 


V 

Ioh = -400juA 

IlL 

Input Leakage 


10 

/iA 

V SS ^ V|n «£ V cc 

>LO 

Output Leakage Current 


±10 

MA 

0.45V Vqut ^ Vcc 

•cc 

Vqc Supply Current 


180 

mA 


1 DD 

Vdd Supply Current 


30 

mA 

Vdd = v cc 

C|N 

Capacitance of Input Buffer 


10 

pF 

fc = VHz 

c l/0 

Capacitance of I/O Buffer 


15 

pF 

f c = 1 /aHz 


D.C. CHARACTERISTICS — PROGRAM M I NG (T a = 0°C to 70°, V cc = 5V ± 5%, V ss = 0V, V DD = 25V ± 1 V; 

Vcc = Vdd = 5V ±10% for 8755A-2) 


Symbol 

Parameter 

Min. 

Typ. 

Max. 

Unit 

Vdd 

Programming Voltage (during Write 
to EPROM) 

24 

25 

26 

V 

Idd 

Prog Supply Current 


15 

30 

mA 
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A.C. CHARACTERISTICS (T a = o°c to 70°, v C c = 5V ± 5%; 

Vcc = Vdd = 5V ±10% for 8755A-2) 


Symbol 

Parameter 

8755 A 

8755A-2 

(Preliminary) 


Min. 

Max. 

Min. 

Max. 

Units 

tCYC 

Clock Cycle Time 

320 


200 


ns 

' T 1 

CLK Pulse Width 

80 


40 


ns 

T 2 

CLK Pulse Width 

120 


70 


ns 

tf.tr 

CLK Rise and Fall Time 


30 


30 

ns 

tAL 

Address to Latch Set Up Time 

50 


30 


ns 

tLA 

Acfdress Hold Time after Latch 

80 


45 


ns 

tLC 

Latch to READ/WRITE Control 

100 


40 


ns 

tRD 

Valid Data Out Delay from READ Control* 


170 


140 

ns 

tAD 

Address Stable to Data Out Valid** 


450 


300 

ns 

tLL 

Latch Enable Width 

100 


70 


ns 

tRDF 

Data Bus Float after READ 

0 

100 

0 

85 

ns 

tCL 

READ/WRITE Control to Latch Enable 

20 


10 


ns 

tcc 

READ/WRITE Control Width 

250 


200 


ns 

tDW 

Data In to Write Set Up Time 

150 


150 


ns 

tWD 

Data In Hold Time After WRITE 

30 


10 


ns 

tWP 

WRITE to Port Output 


40b 


.300 

ns 

tPR 

Port Input Set Up Time 

50 


50 


ns 

tRP 

Port Input Hold Time to Control 

50 


50 


ns 

tRYH 

READY HOLD Time to Control 

0 

160 

0 

1.60 

ns 

tARY ' 

ADDRESS (CE) to READY 


160 

i 


160 

ns 

tRV 

Recovery Time Between Controls 

300 


200 


ns 

tRDE 

READ Control to Data Bus Enable 

10 


10 


ns 


NOTE: 

Cload = 150pF. 

*Or T ad - (T A l + T LC ), whichever is greater. 

**Defines ALE to Data Out Valid in conjunction with T A |_ 


A.C. CHARACTERISTICS — PROGRAMMING (t a = o°c to 70°, v cc = 5V ± 5%, v ss = ov, v DD = 25V ±1 v ; 

Vcc = Vqd = 5V ±10 % for 8755A-2) 


Symbol 

Parameter 

Min. 

Typ. 

Max. 

Unit 

tps 

Data Setup Time 

10 



ns 

tPD 

Data Hold Time 

0 



ns 

ts 

Prog Pulse Setup Time 

2 



MS 

tH 

Prog Pulse Hold Time 

2 



MS 

tPR 

Prog Pulse Rise Time 

0.01 

2 


MS 

tPF 

Prog Pulse Fall Time 

0.01 

2 


MS 

tPRG 

Prog Pulse Width 

45 

50 


msec 
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A.C. TESTING INPUT, OUTPUT WAVEFORM A.C. TESTING LOAD CIRCUIT 



DEVICE 

UNDER 

TEST 



= 150 pF 


C L = 150 pF 

C L INCLUDES JIG CAPACITANCE 


WAVEFORMS 

I CLOCK SPECIFICATION FOR 8755A 



PROM READ, I/O READ AND WRITE 

As ™ A 

ADDRESS ^ ADDRESS 


« — — — t AD 






ADo ’ / 

L 3 

ADDRESS 

L J 

b—i 

; > 

L 3 

DATA 

r 1 

b 

— ADDRESS ^ 

h- 

-t LL ► 

It 





ALE y 

— tAL — ► 


V 


-* *LA ► 






' 

(PROO/CE, \ 

“■ / 

Ql 

'///, 











L 

4 

\ 





A 




— 


** tRDE 

/ 

tRDF 

— 



IOR RD 


S r 



j 

\ 



s 

LC 

tRD 

t DW 


— tWD 

IOW ^ 

Please note that CEi must remain low for the entire cycle 



1 

-t RV *■ 

■* tec ► 
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INTRODUCTION 

The Intel 8259A is a Programmable Interrupt Controller 
(PIC) designed for use in real-time interrupt driven 
microcomputer systems. The 8259A manages eight 
levels of interrupts and has built-in features for expan- 
sion up to 64 levels with additional 8259A’s. Its versatile 
design allows it to be used within MCS-80, MCS-85, 
MCS-86, and MCS-88 microcomputer systems. Being 
fully programmable, the 8259A provides a wide variety of 
modes and commands to tailor 8259A interrupt process- 
ing for the specific needs of the user. These modes and 
commands control a number of interrupt oriented func- 
tions such as interrupt priority selection and masking of 
interrupts. The 8259A programming may be dynamically 
changed by the software at any time, thus allowing com- 
plete interrupt control throughout program execution. 

The 8259A is an enhanced, fully compatible revision of 
its predecessor, the 8259. This means the 8259A can use 
all hardware and software originally designed for the 
8259 without any changes. Furthermore, it provides ad- 
ditional modes that increase its flexibility in MCS-80 
and MCS-85 systems and allow it to work in MCS-86 and 
MCS-88 systems. These modes are: 

• MCS-86/88 Mode « 

• Automatic End of Interrupt Mode 

• Level Triggered Mode 

• Special Fully Nested Mode 

• Buffered Mode 

Each of these are covered in depth further in this appli- 
cation note. 

This application note was written to explain completely 
how to use the 8259A within MCS-80, MCS-85, MCS-86, 
and MCS-88 microcomputer systems. It is divided into 
five sections. The first section, “Concepts”, explains 
the concepts of interrupts and presents an overview of 
how the 8259A works with each microcomputer system 
mentioned above. The second section, “Functional 
Block Diagram”, describes the internal functions of the 
8259A in block diagram form and provides a detailed 
functional description of each device pin. “Operation of 
the 8259 A”, the third section, explains in depth the 
operation and use of each of the 8259A modes and com- 
mands. For clarity of explanation, this section doesn’t 
make reference to the actual programming of the 8259A. 
Instead, all programming is covered in the fourth sec- 
tion, “Programming the 8259A”. This section explains 
how to program the 8259A with the modes and com- 
mands mentioned in the previous section. These two 
sections are referenced in Appendix A. The fifth and 
final section “Application Examples”, shows the 8259A 
in three typical applications. These applications are 
fully explained with reference to both hardware and soft- 
ware. 

The reader should note that some of the terminology 
used throughout this application note may differ 
slightly from existing data sheets. This is done to better 
clarify and explain the operation and programming of 
the 8259A. 

1. CONCEPTS 

In microcomputer systems there is usually a need for 
the processor to communicate with various Input/Out- 


put (I/O) devices such as keyboards, displays, sensors, 
and other peripherals. From the system viewpoint, the 
processor should spend as little time as possible servic- 
ing the peripherals since the time required for these I/O 
chores directly affects the amount of time available for 
other tasks. In other words, the system should be 
designed so that I/O servicing has little or no effect on 
the total system throughput. There are two basic 
methods of handling the I/O chores in a system: status 
polling and interrupt servicing. 

The status poll method of I/O servicing essentially in- 
volves having the processor “ask” each peripheral if it 
needs servicing by testing the peripheral’s status line. If 
the peripheral requires service, the processor branches 
to the appropriate service routine; if not, the processor 
continues with the main program. Clearly, there are 
several problems in implementing such an approach. 
First, how often a peripheral is polled is an important 
constraint. Some idea of the “frequency-of-service” 
required by each peripheral must be known and any soft- 
ware written for the system must accommodate this 
time dependence by “scheduling” when a device is 
polled. Second, there will obviously be times when a 
device is polled that is not ready for service, wasting the 
processor time that it took to do the poll. And other 
times, a ready device would have to wait until the proc- 
essor “makes its rounds” before it could be serviced, 
slowing down the peripheral. 

Other problems arise when certain peripherals are more 
important than others. The only way to implement the 
“priority” of devices is to poll the high priority devices 
more frequently than lower priority ones. It may even be 
necessary to poll the high priority devices while in a low 
priority device service routine. It is easy to see that the 
polled approach can be inefficient both time-wise and 
software-wise. Overall, the polled method of I/O servic- 
ing can have a detrimental effect on system throughput, 
thus limiting the tasks that can be performed by the 
processor. 

A more desirable approach in most systems would allow 
the processor to be executing its main program and only 
stop to service the I/O when told to do so by the I/O 
itself. This is called the interrupt service method. In 
effect, the device would asynchronously signal the proc- 
essor when it required service. The processor would 
finish its current instruction and then vector to the 
service routine for the device requesting service. Once 
the service routine is complete, the processor would 
resume exactly where it left off. Using the interrupt ser- 
vice method, no processor time is spent testing devices, 
scheduling is not needed, and priority schemes are 
readily implemented. It is easy to see that, using the in- 
terrupt service approach, system throughput would in- 
crease, allowing more tasks to be handled by the 
processor. 

However, to implement the interrupt service method 
between processor and peripherals, additional hardware 
is usually required. This is because, after interrupting 
the processor, the device must supply information for 
vectoring program execution. Depending on the proc- 
essor used, this can be accomplished by the device tak- 
ing control of the data bus and “jamming” an instruc- 
tions) onto it. The instruction(s) then vectors the pro- 
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gram to the proper service routine. This of course re- 
quires additional control logic for each interrupt re- 
questing device. Yet the implementation so far is only in 
the most basic form. What if certain peripherals are to 
be of higher priority than others? What if certain inter- 
rupts must be disabled while others are to be enabled? 
The possible variations go on, but they all add up to one 
theme; to provide greater flexibility using the interrupt 
service method, hardware requirements increase. 

So, we’re caught in the middle. The status poll method 
• is a less desirable way of servicing I/O in terms of 
throughput, but its hardware requirements are minimal. 
On the other hand, the interrupt service method is most 
desirable in terms of flexibility and throughput, but 
additional hardware is required. 

The perfect situation would be to have the flexibility and 
throughput of the interrupt method in an implementa- 
tion with minimal hardware requirements. The 8259A 
Programmable Interrupt Controller (PIC) makes this all 
possible. 

The 8259A Programmable Interrupt Controller (PIC) was 
designed to function as an overall manager of an inter- 
rupt driven system. No additional hardware is required. 
The 8259A alone can handle eight prioritized interrupt 
levels, controlling the complete interface between pe- 
ripherals and processor. Additional 8259A’s can be 
“cascaded” to increase the number of interrupt levels 
processed. A wide variety of modes and commands for 
programming the 8259A give ft enough flexibility for 
almost any interrupt controlled structure. Thus, the 
8259A is the feasible answer to handling I/O servicing in 
microcomputer systems. 

Now, before explaining exactly how to use the 8259A, 
let’s go over interrupt structures of the MCS-80, MCS-85, 
MCS-86, and MCS-88 systems, and how they interact 
with the 8259A. Figure 1 shows a block diagram of the 
8259A interfacing with a standard system bus. This may 
prove useful as reference throughout the rest of the 
“Concepts” section. 
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Figure 1. 8259A Interface to Standard System Bus 


1.1 MCS-80 -8259A OVERVIEW 

In an MCS-80— 8259A interrupt configuration, as in 
Figure 2, a device may cause an interrupt by pulling one 
of the 8259A’s interrupt request pins (IR0-IR7) high. If 
the 8259A accepts the interrupt request (this depends 
on its programmed condition), the 8259A’s I NT (inter- 
rupt) pin will go high, driving the 8080A’s INT pin high. 

The 8080A can receive an interrupt request any time, 
since its INT input is asynchronous. The 8080A, how- 
ever, doesn’t always have to acknowledge an interrupt 
request immediately. It can accept or disregard re- 
quests under software control using the El (Enable Inter- 
rupt) or Dl (Disable Interrupt) instructions. These in- 
structions either set or reset an internal interrupt enable 
flip-flop. The output of this flip-flop controls the state of 
the INTE (Interrupt Enabled) pin. Upon reset, the 8080A 
interrupts are disabled, making INTE low. 

At the end of each instruction cycle, the 8080A exam- 
ines the state of its INT pin. If an interrupt request is 
present and interrupts are enabled, the 8080A enters an 
interrupt machine cycle. During the interrupt machine 
cycle the 8080A resets the internal interrupt enable flip- 
flop, disabling further interrupts until an El instruction 
is executed. Unlike normal machine cycles, the interrupt 
machine cycle doesn’t increment the program counter. 
This ensures that the 8080A can return to the pre- 
interrupt program location after the i nterru pt is com- 
pleted. The 8080A then issues an INTA (Interrupt 
Acknowled ge) pu lse via the 8228 System Controller Bus 
Driver. This INTA pulse signals the 8259A that the 8080A 
is honoring the request and is ready to process the inter- 
rupt. 

The 8259A can now vector program execution to the cor- 
responding service routi ne. This is done during a se- 
quence of the three INTA pulse s from the 8080A via the 
8228. Upon receiving the first INTA pulse the 8259A 
places the opcode for a CALL instruction on the data 
bus. This causes the contents of the program counter to 
be pushed onto the st ack. In addition, the CALL instruc- 
tion causes two more INTA pulses to be issued, allow- 
ing the 8259A to place onto the data bus the starting 
address of the corresponding service routine. This 
address is called the interrupt-vector address. The lower 
8 bits (LSB) of the in terru pt-vector address are released 
during the second IN TA p ulse and the upper 8 bits 
(MSB) during the third INTA pulse. Once this sequence 
is completed, program execution then vectors to the 
service routine at the interrupt-vector address. 

If the same registers are used by both the main program 
and the interrupt service routine, their contents should 
be saved when entering the service routine. This in- 
cludes the Program Status Word (PSW) which consists 
of the accumulator and flags. The best way to do this is 
to “PUSH” each register used onto the stack. The ser- 
vice routine can then “POP” each register off the stack 
in the reverse order when it is completed. This prevents 
any ambiguous operation when returning to the main 
program. ' 

Once the service routine is completed, the main 
program may be re-entered by using a normal RET 
(Return) instruction. This will “POP” the original con- 
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tents of the program counter back off the stack to 
resume program execution where it left off. Note, that 
because interrupts are disabled during the interrupt 
acknowledge sequence, the El instruction must be 
executed either during the service routine or the main 
program before further interrupts can be processed. 

For additional information on the 8080A interrupt struc- 
ture and operation, refer to the MCS-80 User’s Manual. 

1.2 MCS-85 -8259A OVERVIEW 

An MCS-85— 8259A configuration processes interrupts 
in much the same format as an MCS-80— 8259A config- 


uration. When an interrupt occurs, a sequence of three 
INTA pulses causes the 8259A to release onto the data 
bus a CALL instruction and an interrupt-vector address 
for the corresponding service routine. Other events that 
occur during the8080A interrupt machine cycle, such as 
disabling interrupts and not incrementing the program 
counter, also occur in the 8085A interrupt acknowledge 
machine cycle. Additionally, the instructions for saving 
registers, enabling or disabling of interrupts, and return- 
ing from service routines are literally the same. 

The 8085A, however, has a different interrupt hardware 
scheme as s hown in Figure 3. For one, the 8085A sup- 
plies its own INTA output pin rather than using an addi- 
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Figure 2. MCS-80 8259A Basic Configuration Example 



Figure 3. MCS-85 8259A Basic Configuration Example 
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tional chip, as the 8080A uses the 8228 System Con- 
troller Bus Driver. Another hardware difference is the 
8085A has five hardware interrupt pins: INTR, RST 7.5, 
RST 6.5, RST 5.5, and TRAP. The INTR (Interrupt Request) 
pin is the equivalent to the 8080A’s INT pin. The RST 
(Restart) pins and TRAP pin are all restart interrupts 
which vector program execution to an individual dedi- 
cated address when asserted. The important factor 
associating these interrupts is their relative priority, as 
shown below: 

TRAP Highest Priority 

RST 7.5 
RST 6.5 
RST 5.5 

INTR Lowest Priority 

The INTR pin has lowest priority among the other 8085A 
hardware interrupts. Thus, precautions to prevent inter- 
rupting 8259A service routines may be necessary. This, 
of course, depends on how the 8085A interrupts are 
being used in a particular application. Such precautions 
can be implemented, however, by masking the RST pins 
using the SIM instruction. The TRAP pin on the other 
hand is non-maskable; all interrupt pins but TRAP can 
be controlled by the El (Enable Interrupt) and Dl (Disable 
Interrupt) instructions. 

For a complete description of the 8085A interrupt struc- 
ture, refer to the MCS-85 User’s Manual. 

1.3 MCS-86/88 -8259A OVERVIEW 

Operation of an MCS-86/88— 8259A configuration has 
basic similarities of the MCS-80/85— 8259A configura- 


tions. That is, a device can cause an interrupt by pulling 
one of the 8259A’s interrupt request pins (IR0-IR7) high. 
If the 8259A honors the request, its INT pin will go high, 
driving the 8086/8088’s INTR pin high. Like the 8080A 
and 8085A, the INTR pin of the 8086/8088 is asynchro- 
nous, thus it can receive an interrupt any time. The 
8086/8088 can also accept or disregard requests on 
INTR under software control using the STI (Set Interrupt) 
or CLI (Clear Interrupt) instructions. These instructions 
set or clear the interrupt-enabled flag IF. Upon 
8086/8088 reset the IF flag is cleared, disabling external 
interrupts on INTR. Beside the INTR pin, the 8086/8088 
provides an NMI (Non-Maskable Interrupt) pin. The NMI 
functions similar to the 8085A’s TRAP; it can’t be dis- 
abled or masked. NMI has higher priority than INTR. 

Figure 4 shows an MCS-86 MAX Mode system interfac- 
ing with an 8259A on the local bus. This MCS-86— 8259A 
configuration is also representative of an MCS-88— 
8259A configuration except for the data bus which is 16 
bits for 8086 and 8 bits for 8088.. In the MCS-86 system 
the 8259A must be on the lower 8 bits of the data bus. 
Note that the 8259A could also be interfaced on the 
system bus. 

Although there are some basic similarities, the actual 
processing of interrupts with an 8086/8088 is different 
than an 8080A or 8085A. When an interrupt request is 
present and interrupts are enabled, the 8086/8088 enters 
its interrupt acknowledge machine cycle. The interrupt 
acknowledge machine cycle pushes the flag registers 
onto the stack (as in a PUSHF instruction). It then clears 
the IF flag which disables interrupts. The contents of 
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Figure 4. MSC-86 8259A Basic Configuration Example (8086 in Max. Mode) 
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both the code segment and the instruction pointer are 
then also pushed onto the stack. Thus, the stack retains 
the pre-interrupt flag status and pre-interrupt program 
location which are used to return from the s ervice 
routine. The 8086/8088 then issues the first of two INTA 
pulses which signal the 8259A that the 8086/8088 has 
honored its interrupt reque st. If the 8086/8088 is used in 
its “MIN Mode” the INTA signal is available from the 
8086/8088 on its I NTA p in. If the 8086/8088 is used in the 
“MAX Mode” th e INT A signal is available via the 8288 
Bus Controller INTA pin. Additionally, in the “MAX 
Mode” the 8086/8088 LOCK pin goes low during the in- 
terrupt acknowledge sequence. The LOCK signal can be 
used to indicate to other system bus masters not to gain 
control of the system bus during the interrupt acknowl- 
edge sequence. A “HOLD” request won’t be honored 
while LOCK is low. 

The 8259A is now ready to vector program execution to 
the corresponding servi ce ro utine. This is done during 
the sequence of the two INTA pulses issued by the 8086/ 
8088. Unlike operation with the 8080A or 8085A, the 
8259A doesn’t place a CALL instruction and the starting 
address of the service routine on the data bus. Instead, 
the first INTA pulse is used only to si gnal the 8259A of 
the honored request. The second INTA pulse causes the 
8259A to place a single interrupt-vector byte onto the 
data bus. Not used as a direct address, this interrupt- 
vector byte pertains to one of 256 interrupt “types” sup- 
ported by the 8086/8088 memory. Program execution is 
vectored to the corresponding service routine by the 
contents of a specified interrupt type. 

All 256 interrupt types are located in absolute memory 
locations 0 through 3FFH which make up the 8086/ 
8088’s interrupt-vector table. Each type in the interrupt- 
vector table requires 4 bytes of memory and stores a 
code segment address and an instruction pointer ad- 
dress. Figure 5 shows a block diagram of the interrupt- 
vector table. Locations 0 through 3FFH should be 
reserved for the interrupt-vector table alone. Further- 
more, memory locations 00 through 7FH (types 0-31) are 
reserved for use by Intel Corporation for Intel hardware 
and software products. To maintain compatibility with 
present and future Intel products, these locations 
should not be used. 
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Figure 5. 8086/8088 Interrupt Vector Table 


When the 8086/8088 receives an interrupt-vector byte 
from the 8259A, it multiplies its value by four to acquire 
the address of the interrupt type. For example, if the 
interrupt-vector byte specifies type 128 (80H), the vec- 
tored address in 8086/8088 memory is 4x80H, which 
equals 200H. Program execution is then vectored to the 
service routine whose address is specified by the code 
segment and instruction pointer values within type 128 
located at 200H. To show how this is done, let’s assume 
interrupt type 128 is to vector data to 8086/8088 memory 
location 2FF5FH. Figure 6 shows two possible ways to 
set values of the code segment and instruction pointer 
for vectoring to location 2FF5FH. Address generation 
by the code segment and instruction pointer is ac- 
complished by an offset (they overlap). Of the total 
20-bit address capability, the code segment can desig- 
nate the upper 16 bits, the instruction pointer can 
designate the lower 16 bits. 
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Figure 6. Two Examples of 8086/8088 Interrupt Type 128 Vectoring 
to Location 2FF5FH 


When entering an interrupt service routine, those regis- 
ters that are mutually used between the 'main program 
and service routine should be saved. The best way to do 
this is to “PUSH” each register used onto the stack im- 
mediately. The service routine can then “POP” each 
register off the stack in the same order when it is com- 
pleted. 

Once the service routine is completed the main program 
may be re-entered by using a IRET (Interrupt Return) in- 
struction. The IRET instruction will pop the pre-interrupt 
instruction pointer, code segment and flags off the 
stack. Thus the main program will resume where it was 
interrupted with the same flag status regardless of 
changes in the service routine. Note especially that this 
includes the state of the IF flag, thus interrupts are re- 
enabled automatically when returning from the service 
routine. 

Beside external interrupt generation from the INTR pin, 
the 8086/8088 is also able to invoke interrupts by soft- 
ware. Three interrupt instructions are provided: INT, INT 
(Type 3), and INTO. INT is a two byte instruction, the sec- 
ond byte selects the interrupt type. INT (Type 3) is a one 
byte instruction which selects interrupt Type 3. INTO is 
a conditional one byte interrupt instruction which 
selects interrupt Type 4 if the OF flag (trap on overflow) 
is set. All the software interrupts vector program execu- 
tion as the hardware interrupts do. 
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For further information on 8086/8088 interrupt operation 
and internal interrupt structure refer to the MCS-86 
User’s Manual and the 8086 System Design application 
note. 


2. 8259A FUNCTIONAL BLOCK DIAGRAM 

A block diagram of the 8259A is shown in Figure 7. As 
can be seen from this figure, the 8259A consists of eight 
major blocks: the Interrupt Request Register (IRR), the 
In-Service Register (ISR), the Interrupt Mask Register 
(IMR), the Priority Resolver (PR), the cascade buffer/ 
comparator, the data bus buffer, and logic blocks for 
control and read/write. We’ll first go over the blocks 
directly related to interrupt handling, the IRR, ISR, IMR, 
PR, and the control logic. The remaining functional 
blocks are then discussed. 

2.1 INTERRUPT REGISTERS AND CONTROL LOGIC 

Basically, interrupt requests are handled by three “cas- 
caded” registers: the Interrupt Request Register (IRR) is 
use to store all the interrupt levels requesting service; 
the In-Service Register (ISR) stores all the levels which 
are being serviced; and the Interrupt Mask Register 
(IMR) stores the bits of the interrupt lines to be masked. 
The Priority Resolver (PR) looks at the IRR, ISR and IMR, 
and determines whether an INT should be issued by the 
the control logic to the processor. 

Figure 8 shows conceptually how the Interrupt Request 
(IR) input handles an interrupt request and how the 
various interrupt registers interact. The figure repre- 


sents one of eight “daisy-chained” priority cells, one for 
each IR input. 

The best way to explain the operation of the priority cell 
is to go through the sequence of internal events that 
happen when an interrupt request occurs. However, 
first, notice that the input circuitry of the priority cell 
allows for both level sensitive and edge sensitive IR in- 
puts. Deciding which method to use is dependent on the 
particular application and will be discussed in more 
detail later. 

When the IR input is in an inactive state (LOW), the edge 
sense latch is set. If edge sensitive triggering is 
selected, the “Q” output of the edge sense latch will 
arm the input gate to the request latch. This input gate 
will be disarmed after the IR input goes active (HIGH) 
and the interrupt request has been acknowledged. This 
disables the input from generating any further inter- 
rupts until it has returned low to re-arm the edge sense 
latch. If level sensitive triggering is selected, the “Q” 
output of the edge sense latch is rendered useless. This 
means the level of the IR input is in complete control of 
interrupt generation; the input won’t be disarmed once 
acknowledged. 

When an interrupt occurs on the IR input, it propagates 
through the request latch and to the PR (assuming the 
input isn’t masked). The PR looks at the incoming re- 
quests and the currently in-service interrupts to ascer- 
tain whether an interrupt should be issued to the proc- 
essor. Let’s assume that the request is the only one in- 
coming and no requests are presently in service. The PR 
then causes the control logic to pull the INT line to the 
processor high. 
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Figure 7. 8259A Block Diagram and Pin Configuration 
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Figure 8. Priority Ceil 


When the processor honors the I NT pulse, it sends a se- 
quence of INTA pulses to the 8259A (three for 8080A / 
8085A, two for 8086/8088). During this sequence the 
state of the request latch is frozen (note the INTA-freeze 
request timing diagram). Priority is again resolved by the 
PR to determine the appropriate interrupt vectoring 
which is conveyed to the processor via the data bus. 

Immediately after the interrupt acknowledge sequence, 
the PR sets the corresponding bit in the ISR which 
simultaneously clears the edge sense latch, if edge sen- 
sitive triggering is used, clearing the edge sense latch 
also disarms the request latch. This inhibits the 
possibility of a still active IR input from propagating 
through the priority cell. The IR input must return to an 
inactive state, setting the edge sense latch, before 
another interrupt request can be recognized. If level sen- 
sitive triggering is used, however, clearing the edge 
sense latch has no affect on the request latch. The state 
of the request latch is entirely dependent upon the IR in- 
put level. Another interrupt will be generated immedi- 
ately if the IR level is left active after its ISR bit has been 
reset. An ISR bit gets reset with an End-of-lnterrupt (EOI) 
command issued in the service routine. End-of- 
interrupts will be covered in more detail later. 

2.2 OTHER FUNCTIONAL BLOCKS 
Data Bus Buffer 

This three-state, bidirectional 8-bit buffer is used to in- 
terface the 8259A to the processor system data bus (via 


DB0-DB7). Control words, status information, and 
interrupt-vector data are transferred through the data 
bus buffer. 

Read/Write Control Logic 

The function of this block is to control the programming 
of the 8259A by accepting OUTput commands from the 
processor. It also controls the releasing of status onto 
the data bus by accepting INput commands from the 
processor. The initialization and operation command 
word registers which store the various control formats 
are located in this block. The RD, WR, AO, and C5 
pins are used to control access to this block by the 
processor. 

Cascade Buffer/Comparator 

As mentioned earlier, multiple 8259A’s can be combined 
to expand the number of interrupt levels. A master-slave 
relationsh ip of c ascaded 8259A’s is used for the expan- 
sion. The SP/EN and the CASO-2 pins are used for oper- 
ation of this block. The cascading of 8259A’s is covered 
m depth in the “Operation of the 8259A” section of this 
application note. 

2.3 PIN FUNCTIONS 

Name Pin # I/O Function 

V cc 28 I + 5V supply 
GND 14 I Ground 
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Name Pin # I/O Function 

CS 1 I Chip Select: A low on this pin en- 

ables RD and WR communicati on be- 
tween the CPU and the 8259 AJ NT A 
functions are independent of CS. 

WR 2 I Write: A low on this pin when CS is 

low enables the 8259A to accept 
command words from the CPU. 

RD 3 I Read: A low on this pin when CS is 

low enables the 8259A to release 
status onto the data bus for the CPU. 

D7-D0 4-11 I/O Bidirectional Data Bus: Control, 
status and interrupt-vector informa- 
tion is transferred via this bus. 

CASO- 12,13, I/O Cascade Lines: The CAS lines form a 

CAS2 15 private 8259A bus to control a multi- 
ple 8259A structure. These pins are 
outputs for a master 8259A and in- 
puts for a slave 8259A. 

SP/EN 16 I/O Slave Program/Enable Buffer: This is 
a dual function pin. Wheh in the buf- 
fered mode it can be used as an out- 
put to control buffer transceivers 
(EN). When not in the buffered mode 
it is used as an input to designate a 
master (SP= 1) or slave (SP = 0). 

INT 17 O Interrupt: This pin goes high when- 
ever a valid interrupt request is as- 
serted. It is used to interrupt the 
CPU, thus it is connected to the 
CPU’s interrupt pin. 

IRO- * 18-25 I Interrupt Requests: Asynchronous in- 

IR7 puts. An interrupt request can be 

generated by raising an IR input (low 
to high) and holding it high until it is 
acknowledged (edge triggered mode), 
or just by a high level on an IR input 
(level triggered mode). 

INTA 26 I Interrupt Acknowledge: This pin is 

used to enable 8259A interrupt-vector 
data onto the data bus. This is done 
by a sequence of interrupt acknowl- 
edge pulses issued by the CPU. 

AO 27 I AO Address Line: This pin acts in con- 

junction with the CS, WR, and RD 
pins. It is used by the 8259A to de- 
cipher between various command 
words the CPU writes and status the 
CPU wishes to read. It is typically 
connected to the CPU AO address 
line (A1 for 8086/8088). 


3. OPERATION OF THE 8259A 

Interrupt operation of the 8259A falls under five main 
categories: vectoring, priorities, triggering, status, and 
cascading. Each of these categories use various modes 
and commands. This section will explain the operation 
of these modes and commands. For clarity of explana- 
tion, however, the actual programming of the 8259A isn’t 


covered in this section but in “Programming the 8259A”. 
Appendix A is provided as a cross reference between 
these two sections. 


3.1 INTERRUPT VECTORING 

Each IR input of the 8259A has an individual interrupt- 
vector address in memory associated with it. Designa- 
tion of each address depends upon the initial program- 
ming of the 8259A. As stated earlier, the interrupt 
sequence and addressing of an MCS-80 and MCS-85 
system differs from that of an MCS-86 and MCS-88 
system. Thus, the 8259A must be initially programmed 
in either a MCS-80/85 or MCS-86/88 mode of operation to 
insure the correct interrupt vectoring. 

MCS-80/85 Mode 

When programmed in the MCS-80/85 mode, the 8259A 
should only be used within an 8080A or an 8085A 
system. In this mode the 8080A/8085A will handle inter- 
rupts in the format described in the “MCS-80— 8259A or 
MCS-85— 8259A Overviews.” 

Upon interrupt request in the MCS-80/85 mode, the 
8259A will output to the data bus the opcode for a CALL 
instruction and the address of the desired routi ne. This 
is in response to a sequence of three INTA pulses 
issued by the 8080A/8085A after the 8259A has raised 
INT high. 

The first INTA pulse to the 8259A enables the CALL 
opcode “CD H ” onto the data bus. It also resolves IR pri- 
orities and effects operation in the cascade mode, 
which will be covered later. Contents of the first 
interrupt-vector byte are shown in Figure 9A. 

During the second and third INTA pulses, the 8259A 
conveys a 16-bit interrupt-vector address to the 8080A / 
8085A. The interrupt-vector addresses for all eight levels 
are selected when initially programming the 8259A. 
However, only one address is needed for programming. 
Interrupt-vector addresses of IR0-IR7 are automatically 
set at equally spaced intervals based on the one pro- 
grammed address. Address intervals are user definable 
to 4 or 8 bytes apart. If the service routine for a device is 
short it may be possible to fit the entire routine within 
an 8-byte interval. Usually, though, the service routines 
require more than 8 bytes. So, a 4-byte interval is used to 
store a Jump (JMP) instruction which directs the 8080A / 
8085A to the appropriate routine. The 8-byte interval 
maintains compatibility with current 8080A/8085A 
Restart (RST) instruction software, while the 4-byte in- 
terval is best for a compact jump table. If the 4-byte in- 
terval is selected, then the §259A will automatically 
insert bits A0-A4. This leaves A5-A15 to be pro- 
grammed by the user. If the 8-byte interval is selected, 
the 8259A will automatically insert bits A0-A5. This 
leaves only A6-A15 to be programmed by the user. 

The LSB of the interrupt-vector addre ss is placed on the 
data bus during the second INTA pulse. Figure 9B 
shows the contents of the second interrupt-vector byte 
for both 4 and 8-byte intervals. 

The MSB of the interrupt-v ector address is placed on the 
data bus during the third INTA pulse. Contents of the 
third interrupt-vector byte is shown in Figure 9C. 
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D7 D6 DS D4 D3 02 D1 DO 

CALL CODE [ 1 1 0 0 1 1 0 1 j 

A. FIRST INTERRUPT VECTOR BYTE, MCS80/85 MODE 



C. THIRD INTERRUPT VECTOR BYTE, MCS80/85 MODE 


Figure 9. 9A-C. Interrupt-Vector Bytes for 8259A, MCS 80/85 Mode 


MCS-86/88 Mode 

When programmed in the MCS-86/88 mode, the 8259A 
should only be used within an MCS-86 or MCS-88 
system. In this mode, the 8086/8088 will handle inter- 
rupts in the format described earlier in the “8259A— 
8086/8088 Overview”. 

Upon interrupt in the MCS-86/88 mode, the 8259A will 
output a single interrupt-vector byte to the data bus. 
This is in response to only two INTA pulses issued by 
the 8086/8088 after the 8259A has raised INT high. 

The first INTA pulse is used only for set-up purposes in- 
ternal to the 8259A. As in the MCS-80/85 mode, this set- 
up includes priority resolution and cascade mode oper- 
ations which will be covered later. Unlike the MCS-80/85 
mode, no CALL opcode is placed on the data bus. 

The second INTA pulse is used to enable the single 
interrupt-vector byte onto the data bus. The 8086/8088 
uses this interrupt-vector byte to select one of 256 inter- 
rupt “types” in 8086/8088 memory. Interrupt type selec- 
tion for all eight IR levels is made when initially pro- 
gramming the 8259A. However, reference to only one in- 
terrupt type is needed for programming. The upper 5 bits 
of the interrupt vector byte are user definable. The lower 
3 bits are automatically inserted by the 8259A depend- 
ing upon the IR level. 

Contents of the interrupt-vector byte for 8086/808 8 type 
selection is put on the data bus during the second INTA 
pulse and is shown in Figure 10. 
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Figure 10. Interrupt Vector Byte, MCS 86/88 Mode 


3.2 INTERRUPT PRIORITIES 

A variety of modes and commands are available for con- 
trolling interrupt priorities of the 8259A. All of them are 
programmable, that is, they may be changed dynamic- 
ally under software control. With these modes and com- 
mands, many possibilities are conceivable, giving the 
user enough versatility for almost any interrupt con- 
trolled application. 

Fully Nested Mode 

The fully nested mode of operation is a general purpose 
priority mode. This mode supports a multilevel-interrupt 
structure in which priority order of all eight IR inputs are 
arranged from highest to lowest. 

Unless otherwise programmed, the fully nested mode is 
entered by default upon initialization. At this time, IR0 is 
assigned the highest priority through IR7 the lowest. 
The fully nested mode, however, is not confined to this 
IR structure alone. Once past initialization, other IR in- 
puts can be assigned highest priority also, keeping the 
multilevel-interrupt structure of the fully nested mode. 
Figure 11A-C shows some variations of the priority 
structures in the fully nested mode. 


IR LEVELS 

| IR7 IR6 IR5 IR4 IR3 IR2 IR1 IR0| 

PRIORITY 

17 6 5 4 3 2 1 

3 


A 


IR LEVELS 

1 IR7 IR6 IR5 IR4 IR3 IR2 IR1 

iRO] 

PRIORITY 

14 3 2 1 0 7 6 

5 1 


B 


IR LEVELS 

1 IR7 IR6 IR5 IR4 IR3 IR2 IR1 

TrcQ 

PRIORITY 

1 1 0 7 6 5 4 3 

2 1 


c 


Figure 11. A-C. Some Variations of Priority Structure in the 
Fully Nested Mode 


Further explanation of the fully nested mode, in this 
section, is linked with information of general 8259A in- 
terrupt operations. This is done to ease explanation to 
the user in both areas. 

In general, when an interrupt is acknowledged, the 
highest priority request is determined from the IRR (In- 
terrupt Request Register). The interrupt vector is then 
placed on the data bus. In addition, the corresponding 
bit in the ISR (In-Service Register) is set to designate the 
routine in service. This ISR bit remains set until an EOI 
(End-Of-Interrupt) command is issued to the 8259A. 
EOl’s will be explained in greater detail shortly. 

In the fully nested mode, while an ISR bit is set, all fur- 
ther requests of the same or lower priority are inhibited 
from generating an interrupt to the microprocessor. A 
higher priority request, though, can generate an inter- 
rupt, thus vectoring program execution to its service 
routine. Interrupts are only acknowledged, however, if 
the microprocessor has previously executed an “Enable 
Interrupts” instruction. This is because the interrupt 
request pin on the microprocessor gets disabled auto- 
matically after acknowledgement of any interrupt. The 
assembly language instructions used to enable inter- 
rupts are “El” for 8080A/8085A and “STI” for 8086/8088. 
Interrupts can be disabled by using the instruction “Dl” 
for 8080 A/ 8085A and “CLI” for 8086/8088. When a 
routine is completed a “return” instruction is executed, 
“RET” for 8080A/8085A and “IRET” for 8086/8088. 
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Figure 12 illustrates the correct usage of interrupt 
related instructions and the interaction of interrupt 
levels in the fully nested mode. 

Assuming the IR priority assignment for the example in 
Figure 12 is IRO the highest through IR7 the lowest, the 
sequence is as follows. During t,he main program, IR3 
makes a request. Since interrupts are enabled, the 
microprocessor is vectored to the IR3 service routine. 
During the IR3 routine, I R1 asserts a request. Since IR1 
has higher priority than IR3, an interrupt is generated. 
However, it is not acknowledged because the micro- 
processor disabled interrupts in response to the IR3 in- 
terrupt. The IR1 interrupt is not acknowledged until the 
“Enable Interrupts” instruction is executed. Thus the 
IR3 routine has a “protected” section of code over 
which no interrupts (except non-maskable) are allowed. 
The IR1 routine has no such “protected” section since 
an “Enable Interrupts” instruction is the first one in its 
service routine. Note that in this example the IR1 re- 
quest must stay high until it is acknowledged. This is 
covered in more depth in the “Interrupt Triggering” 
section. 



Figure 12. Fully Nested Mode Example (MCS 80/85 or MCS 88/88 ) 


What is happening to the ISR register? While in the main 
program, no ISR bits are set since there aren’t any inter- 
rupts in service. When the IR3 interrupt is acknowl- 
edged, the ISR3 bit is set. When the IR1 interrupt is 
acknowledged, both the ISR1 and the ISR3 bits are set, 
indicating that neither routine is complete. At this time, 
only IRO could generate an interrupt since it is the only 
input with a higher priority than those previously in ser- 
vice. To terminate the IR1 routine, the routine must 
inform the 8259A that it is complete by resetting its ISR 
bit. it does this by executing an EDI command. A 
“return” instruction then transfers execution back to 


the IR3 routine. This allows IR0-IR2 to interrupt the IR3 
routine again, since ISR3 is the highest ISR bit set. No 
further interrupts occur in the example so the EOI com- 
mand resets ISR3 and the “return” instruction causes 
the main program to resume at its pre-interrupt location, 
ending the example. 

A single 8259A is essentially always in the fully nested 
mode unless certain programming conditions disturb it. 
The following programming conditions can cause the 
8259A to go out of the high to low priority structure of 
the fully nested mode. 

• The automatic EOI mode 

• The special mask mode 

• A slave with a master not in the special fully nested 
mode 

These modes will be covered in more detail later, 
however, they are mentioned now so the user can be 
aware of them. As long as these program conditions 
aren’t inacted, the fully nested mode remains undis- 
turbed. 

End of Interrupt 

Upon completion of an interrupt service routine the 
8259A needs to be notified so its ISR can be updated. 
This is done to keep track of which interrupt levels are in 
the process of being serviced and their relative priori- 
ties. Three different End-Of-Interrupt (EOI) formats. are 
available for the user. These are: the non-specific EOI 
command, the specific EOI command, and the auto- 
matic EOI Mode. Selection of which EOI to use is depen- 
dent upon the interrupt operations the user wishes to 
perform. 

Non-Specific EOI Command 

A non-specific EOI command sent from the microproc- 
essor lets the 8259A know when a service routine has 
been completed, without specification of its exact inter- 
rupt level. The 8259A automatically determines the inter- 
rupt level and resets the correct bit in the ISR. 

To take advantage of the non-specific EOI the 8259A 
must be in a mode of operation in which it can predeter- 
mine in-service routine levels. For this reason the non- 
specific EOI command should only be used when the 
most recent level acknowledged and serviced is always 
the highest priority level. When the 8259A receives a 
non-specific' EOI command, it simply resets the highest 
priority ISR bit, thus confirming to the 8259A that the 
highest priority routine of the routines in service is 
finished. 

The main advantage of using the non-specific EOI com- 
mand is that IR level specification isn’t necessary as in 
the “Specific EOI Command”, covered shortly. 
However, special consideration should be taken when 
deciding to use the non-specific EOI. Here are two pro- 
gram conditions in which it is best not used: 

• Using the set priority command within an interrupt ' 
service routine. 

• Using a special mask mode. 

These conditions are covered in more detail in their own 
sections, but are listed here for the users reference. 
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Specific EOI Command 

A specific EOI command sent from the microprocessor 
lets the 8259A know when a service routine of a particu- 
lar interrupt level is completed. Unlike a non-specific 
EOI command, which automatically resets the highest 
priority ISR bit, a specific EOI command specifies an 
exact ISR bit to be reset. One of the eight IR levels of the 
8259A can be specified in the command. 

The reason the specific EOI command is needed, is to 
reset the ISR bit of a completed service routine when- 
ever the 8259A isn’t able to automatically determine it. 
An example of this type of situation might be if the 
priorities of the interrupt levels were changed during an 
interrupt routine (“Specific Rotation”). In this case, if 
any other routines were in service at the same time, a 
non-specific EOI might reset the wrong ISR bit. Thus the 
specific EOI command is the best bet in this case, or for 
that matter, any time in which confusion of interrupt 
priorities may exist. The specific EOI command can be 
used in all conditions of 8259A operation, including 
those that prohibit non-specific EOI command usage. 


Automatic EOI Mode 

When programmed in the automatic EOI‘mode, the 
microprocessor no longer needs to issue a command to 
notify the 8259A it has completed an interrupt routine. 
The 8259A accomplishes this by performing a non- 
specific EOI automatically at the trailing edge of the last 
INTA pulse (third puise in MCS-80/85, second in 
MCS-86). 

The obvious advantage of the automatic EOI mode over 
the other EOI command is no command has to be 
issued. In general, this simplifies programming and 
lowers code requirements within interrupt routines. 

However, special consideration should be taken when 
deciding to use the automatic EOI mode because it 
disturbs the fully nested mode. In the automatic EOI 
mode the ISR bit of a routine in service is reset right 
after it’s acknowledged, thus leaving no designation in 
the ISR that a sevice routine is being executed. If any in- 
terrupt request occurs during this time (and interrupts 
are enabled) it will get serviced regardless of its priority, 
low or high. The problem of “over nesting” may also 
happen in this situation. “Over nesting” is when an IR 
input keeps interrupting its own routine, resulting in un- 
necessary stack pushes which could fill the stack in a 
worst case condition. This is not usually a desired form 
of operation! 

So what good is the automatic EOI mode with problems 
like those just covered? Well, again, like the other EOls, 
selection is dependent upon the application, if inter- 
rupts are controlled at a predetermined rate, so as not to 
cause the problems mentioned above, the automatic 
EOI mode works perfect just the way it is. However, if in- 
terrupts happen sporadically at an indeterminate rate, 
the automatic EOI mode should only be used under the 
following guideline: 

• When using the automatic EOI mode with an inde- 
terminate interrupt rate, the microprocessor should 
keep its interrupt request input disabled during 
execution of service routines. 


By doing this, higher priority interrupt levels will be ser- 
viced only after the completion of a routine in service. 
This guideline restores the fully nested structure in 
regards to the IRR; however, a routine in-service can’t be 
interrupted. 


Automatic Rotation — Equal Priority 

Automatic rotation of priorities serves in applications 
where the interrupting devices are of equal priority, 
such as communications channels. The concept is that 
once a peripheral is serviced, all other equal priority 
peripherals should be given a chance to be serviced 
before the original peripheral is serviced again. This is 
accomplished by automatically assigning a peripheral 
the lowest priority after being serviced Thus, in worst 
case, the device would have to wait until all other 
devices are serviced before being serviced again. 

There are two methods of accomplishing automatic 
rotation. One is used in conjunction with the non- 
specific EOI, “rotate on non-specific EOI command”. 
The other is used with the automatic EOI mode, “rotate 
in automatic EOI mode”. 


Rotate on Non-Specific EOI Command 

When the rotate on non-specific EOI command is 
issued, the highest ISR bit is reset as in a normal non- 
specific EOI command. After it’s reset though, the cor- 
responding IR level is assigned lowest priority. Other IR 
priorities rotate to conform to the fully nested mode 
based on the newly assigned low priority 

Figures 13A and B show how the rotate on non-specific 
EOI command effects the interrupt priorities. Let’s 
assume the IR priorities were assigned with IRQ the 
highest and IR7 the lowest, as in 13A. IR6 and IR4 are 
already in service but neither is completed. Being the 
higher priority routine, IR4 is necessarily the routine 
being executed. During the IR4 routine a rotate on non- 
specific EOI command is executed. When this happens, 
bit 4 in the ISR is reset. IR4 then becomes the lowest 
priority and IRS becomes the highest as in 13B. 



IS7 IS6 IS5 IS4 IS3 IS2 IS1 ISO 


ISR STATUS 

1 0 1 0 1 0 0 0 0 1 
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PRIORITY 
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PRIORITY 
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1 0 
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1 COMMAND 
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HIGHEST PRIORITY LOWEST PRIORITY 


Figure 13. A-B. Rotate on Non-specific EOi Command Example 


Rotate in Automatic EOI Mode 

The rotate in automatic EOI mode works much like the 
rotate on non-specific EOI command. The main differ- 
ence is that priority rotation is done automatically after 
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the last INTA pulse of an interrupt request. To enter or 
exit this mode a rotate-in-automatic-EOI set command 
and rotate-in-automatic-EOI clear command is provided. 
After that, no commands are needed as with the normal 
automatic EOI mode. However, it must be remembered, 
when using any form of the automatic EOI mode, spe- 
cial consideration should be taken. Thus, the guideline 
for the automatic EOI mode also stands for the rotate in 
automatic EOI mode. 

Specific Rotation — Specific Priority 

Specific rotation gives the user versatile capabilities in 
interrupt controlled operations. It serves in those ap- 
plications in which a specific device’s interrupt priority 
must be altered. As opposed to automatic rotation 
which automatically sets priorities, specific rotation is 
completely user controlled. That is, the user selects 
which interrupt level is to receive lowest or highest 
priority. This can be done during the main program or 
within interrupt routines. Two specific rotation com- 
mands are available to the user, the “set priority com- 
mand” and the “rotate on specific EOI command.” 

Set Priority Command 

The set priority command allows the programmer to 
assign an IR level the lowest priority. All other interrupt 
levels will conform to the fully nested mode based on 
the newly assigned low priority. 

An example of how the set priority command works is 
shown in Figures 14A and 14B. These figures show the 
status of the ISR and the relative priorities of the inter- 
rupt levels before and after the set priority command. 
Two interrupt routines are shown to be in service in 
Figure 14A. Since IR2 is the highest priority, it is 
necessarily the routine being executed. During the IR2 
routine, priorities are altered so that IR5 is the highest. 
This is done simply by issuing the set priority command 
to the 8259A. In this case, the command specifies IR4 as 
being the lowest priority. The result of this set priority 
command is shown in Figure 14B. Even though IR7 now 
has higher priority than IR2, it won’t be acknowledged 
until the IR2 routine is finished (via EOI). This is because 
priorities are only resolved upon an interrupt request or 
an interrupt acknowledge sequence. If a higher priority 
request occurs during the IR2 routine, then priorities are 
resolved and the highest will be acknowledged. 


IS7 IS6 IS5 IS4 IS3 IS2 IS1 ISO 
. ISR STATUS 1 1 0 0 0 0 1 0 0 1 BEFORE 

PRIORITY I 7 6 5 4 3 2 1 0 I COMMAND 


LOWEST PRIORITY HIGHEST PRIORITY 


IS7 IS6 IS5 IS4 IS3 IS2 IS1 ISO 
ISR STATUS Pi 6 6 6 (PH 6 0~1 AFTER 

PRIORITY 12 1 0 7 6 5 4 3 1 COMMAND 


HIGHEST PRIORITY LOWEST PRIORITY 


Figure 14. A-B. Set Priority Command Example 


When completing a service routine in which the set 
priority command is used, the correct EOI must be 
issued. The non-specific EOI command shouldn’t be 
used in the same routine as a set priority command. 
This is because the non-specific EOI command resets 
the highest ISR bit, which, when using the set priority 
command, is not always the most recent routine in ser- 
vice. The automatic EOI mode, on the other hand, can be 
used with the set priority command. This is because it 
automatically performs a non-specific EOI before the 
set priority command can be issued. The specific EOI 
command is the best bet in most cases when using the 
set priority command within a routine. By resetting the 
specific ISR bit of a routine being completed, confusion 
is eliminated. 

Rotate on Specific EOi Command 

The rotate on specific EOI command is literally a com- 
bination of the set priority command and the specific 
EOI command. Like the set priority command, a speci- 
fied IR level is assigned lowest priority. Like the specific 
EOI command, a specified level will be reset in the ISR. 
Thus the rotate on specific EOI command accomplishes 
both tasks in only one command. 

If it is not necessary to change IR priorities prior to the 
end of an interrupt routine, then this command is advan- 
tageous. For an EOI command must be executed any- 
way (unless in the automatic EOI mode), so why not do 
both at the same time? 

Interrupt Masking 

Disabling or enabling interrupts can be done by other 
means than just controlling the microprocessor’s inter- 
rupt request pin. The 8259A has an IMR (Interrupt Mask 
Register) which enhances interrupt control capabilities. 
Rather than all interrupts being disabled or enabled at 
the same time, the IMR allows individual IR masking. 
The IMR is an 8-bit register, bits 0-7 directly correspond 
to IR0-IR7. Any IR input can be masked by writing to the 
IMR and setting the appropriate bit. Likewise, any IR in- 
put can be enabled by clearing the correct IMR bit. 

There are various uses for masking off individual IR in- 
puts. One example is when a portion of a main routine 
wishes only to be interrupted by specific interrupts. 
Another might be disabling higher priority interrupts for 
a portion of a lower priority service routine. The possi- 
bilities are many. 

When an interrupt occurs while its IMR bit is set, it isn’t 
necessarily forgotten. For, as stated earlier, the IMR 
acts only on the output of the IRR. Even with an IR input 
masked it is still possible to set the IRR. Thus, when 
resetting an IMR, if its IRR bit is set it will then generate 
an interrupt. This is providing, of course, that other 
priority factors are taken into consideration and the IR 
request remains active. If the IR request is removed 
before the IMR is reset, no interrupt will be acknowl- 
edged. 

Special Mask Mode 

In various cases, it may be desirable to enable interrupts 
of a lower priority than the routine in service. Or, in other 
words, allow lower priority devices to generate inter- 
rupts. However, in the fully nested mode, all IR levels of 
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priority below the routine in service are inhibited. So 
what can be done to enable them? 

Well, one method could be using an EOI command 
before the actual completion of a routine in service. But 
beware, doing this may cause an “over nesting” prob- 
lem, similar to in the automatic EOI mode. In addition, 
resetting an ISR bit is irreversible by software control, 
so lower priority IR levels could only be later disabled by 
setting the IMR. 

A much better solution is the special mask mode. Work- 
ing in conjunction with the IMR, the special mask mode 
enables interrupts from all levels except the level in ser- 
vice. This is done by masking the level that is in service 
and then issuing the special mask mode command. 
Once the special mask mode is set, it remains in effect 
until reset. 

Figure 15 shows how to enable lower priority interrupts 
by using the Special Mask Mode (SMM). Assume that 
IRO has highest priority when the main program is inter- 
rupted by IR4. In the IR4 service routine an enable inter- 
rupt instruction is executed. This only allows higher 
priority interrupt requests to interrupt IR4 in the normal 
fully nested mode. Further in the IR4 routine, bit 4 of the 
IMR is masked and the special mask mode is entered. 
Priority operation is no longer in the fully nested mode. 
All interrupt levels are enabled except for IR4. To leave 
the special mask mode, the sequence is executed in 
reverse. 


MAIN PROGRAM 



IRO-3 ENABLED 
IR4-7 DISABLED 


IRO-3, 5-7 ENABLED 
IR4 DISABLED 


IRO-3 ENABLED 
IR4-7 DISABLED 


Figure 15. Special Mask Mode Example (MCS 80/85 or MCS 86/88 ) 


Precautions must be taken when exiting an interrupt 
service routine which has used the special mask mode. 
A non-specific EOI command can’t be used when in the 
special mask mode. This is because a non-specific 
won’t clear an ISR bit of an interrupt which is masked 
when in the special mask mode. In fact, the bit will ap- 
pear invisible. If the special mask mode is cleared 
before an EOI command is issued a non-specific EOI 
command can be used. This could be the case in the ex- 
ample shown in Figure 15, but, to avoid any confusion 
it’s best to use the specific EOI whenever using the 
special mask mode. 

It must be remembered that the special mask mode ap- 
plies to all masked levels when set. Take, for instance, 
IR1 interrupting IR4 in the previous example. If this hap- 
pened while in the special mask mode, and the IR1 
routine masked itself, all interrupts would be enabled 
except IR1 and IR4 which are masked. 

3.3 INTERRUPT TRIGGERING 

There are two classical ways of sensing an active inter- 
rupt request: a level sensitive input or an edge sensitive 
input. The 8259A gives the user the capability for either 
method with the edge triggered mode and the level trig- 
gered mode. Selection of one of these interrupt trigger- 
ing methods is done during the programmed initializa- 
tion of the 8259A. 

Level Triggered Mode 

When in the level triggered mode the 8259A will recog- 
nize any active (high) level on an IR input as an interrupt 
request. If the IR input remains active after an EOI com- 
mand has been issued (resetting its ISR bit), another in- 
terrupt will be generated. This is providing of course, the 
processor INT pin is enabled. Unless repetitious inter- 
rupt generation is desired, the IR input must be brought 
to an inactive state before an EOI command is issued in 
its service routine. However, it must not go inactive so 
soon that it disobeys the necessary timing require- 
ments shown in Figure 16. Note that the request on the 
IR in put m ust remain until after the falling edge of the 
first INTA pulse. If on an y IR input, the request goes 
inactive before the first INTA pulse, the 8259A will 
respond as if IR7 was active. In any design in which 
there’s a possibility of this happening, the IR7 default 
feature can be used as a safeguard. This can be accom- 
plished by using the IR7 routine as a “clean-up routine” 
which might recheck the 8259A status or merely return 
program execution to its pre-interrupt location. 

Depending upon the particular design and application, 
the level triggered mode has a number of uses. For one, 
it provides for repetitious interrupt generation. This is 
useful in cases when a service routine needs to be con- 
tinually executed until the interrupt request goes inac- 
tive. Another possible advantage of the level triggered 
mode is it allows for “wire-OR’ed” interrupt requests. 
That is, a number of interrupt requests using the same 
IR input. This can’t be done in the edge triggered mode, 
for if a device makes an interrupt request while the IR in- 
put is high (from another request), its transition will be 
“shadowed”. Thus the 8259A won’t recognize further in- 
terrupt requests because its IR input is already high. 
Note that when a “wire-OR’ed” scheme is used, the ac- 
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Figure 16. IR Triggering Timing Requirements 


tual requesting device has to be determined by the soft- feature mentioned in the “level triggered mode” section 
ware in the service routine. also works for the edge triggered mode. 


Caution should be taken when using the automatic EOI 
mode and the level triggered mode together. Since in 
the automatic EOI mode an EOI is automatically per- 
formed at the end of the interrupt acknowledge se- 
quence, if the processor enables interrupts while an IR 
input is still high, an interrupt will occur immediately. To 
avoid this situation interrupts should be kept disabled 
until the end of the service routine or until the IR input 
returns low. 

Edge Triggered Mode 

When in the edge triggered mode, the 8259A will only 
recognize interrupts if generated by an inactive (low) to 
active (high) transition on an IR input. The edge trig- 
gered mode incorporates an edge lockout method of 
operation. This means that after the rising edge of an 
interrupt request and the acknowledgement of the re- 
quest, the positive level of the IR input won’t generate 
further interrupts on this level. The user needn’t worry 
about quickly removing the request after acknowledge- 
ment in fear of generating further interrupts as might be 
the case in the level triggered mode. Before another in- 
terrupt can be generated the IR input must return to the 
inactive state. 

Referring back to Figure 16, the timing requirements for 
interrupt triggering is shown. Like the level triggered 
mode, in the edge triggered mode the request on the IR 
input m ust re main active until after the falling edge of 
the first INTA pulse for that particular interrupt. Unlike 
the level triggered mode, though, after the interrupt 
request is acknowledged its IRR latch is disarmed. Only 
after the IR input goes inactive will the IRR latch again 
become armed, making it ready to receive another inter- 
rupt request (in the level triggered mode, the IRR latch is 
always armed). Because of the way the edge triggered 
mode functions, it is best to use a positive level with a 
negative pulse to trigger the IR requests. With this type 
of input, the trailing edge of the pulse causes the inter- 
rupt and the maintained positive level meets the neces- 
sary timing requirements (remaining high until after the 
interrupt acknowledge occurs). Note that the IR7 default 


Depending upon the particular design and application, 
the edge triggered mode has various uses. Because of 
its edge lockout operation, it is best used in those 
applications where repetitious interrupt generation isn’t 
desired. It is also very useful in systems where the inter- 
rupt request is a pulse (this should be in the form of a 
negative pulse to the 8259A). Another possible advan- 
tage is that it can be used with the automatic EOI mode 
without the cautions in the level triggered mode. Over- 
all, in most cases, the edge triggered mode simplifies 
operation for the user, since the duration of the interrupt 
request at a positive level is not usually a factor. 


3.4 INTERRUPT STATUS 

By means of software control, the user can interrogate 
the status of the<8259A. This allows the reading of the 
internal interrupt registers, which may prove useful for 
interrupt control during service routines. It also pro- 
vides for a modified status poll method of device moni- 
toring, by using the poll command. This, makes the 
status of the internal IR inputs available to the user via 
software control. The poll command offers an alterna- 
tive to the interrupt vector method, especially for those 
cases when more than 64 interrupts are needed. 


Reading Interrupt Registers 

The contents of each 8-bit interrupt register, IRR, ISR, 
and I MR, can be read to update the user’s program on 
the present status of the 8259A. This can be a versatile 
tool in the decision making process of a service routine, 
giving the user more control over interrupt operations. 
Before delving into the actual process of reading thd 
registers, let’s briefly review their general descriptions: 


IRR (Interrupt Specifies all interrupt levels re- 

Request Register) questing service. 


ISR (In-Service Specifies all interrupt levels 

Register) which are being serviced. 


IMR (Interrupt Specifies all interrupt levels that 

Mask Register) are masked. 
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To read the contents of the IRR or ISR, the user must 
first issue the appropriate read register command (read 
IRR or read ISR) to the 8259A. Then by applying a RD 
pulse to the 8259A (an INput instruction), the contents 
of the desired register can be acquired. There is no need 
to issue a read register command every time the IRR or 
ISR is to be read. Once a read register command is 
received by the 8259A, it “remembers” which register 
has been selected. Thus, all that is necessary to read 
the contents of the same register more than once is the 
RD pulse and the correct addressing (A0 = 0, explained 
in “Programming the 8259A”). Upon initialization, the 
selection of registers defaults to the IRR. Some caution 
should be taken when using the read register command 
in a system that supports several levels of interrupts. If 
the higher priority routine causes an interrupt between 
the read register command and the actual input of the 
register contents, there’s no guarantee that the same 
register will be selected when it returns. Thus it is best 
in such cases to disable interrupts during the operation. 

Reading the contents of the IMR is different than read- 
ing the IRR or ISR. A read register command is not 
necessary when reading the IMR. This is because the 
IMR can be addressed directly for both reading and 
writing. Thus all that the 8259A requires for reading the 
IMR is a RD pulse and the correct addressing (A0=1, 
explained in “Programming the 8259A”). 

Poll Command 

As mentioned towards the beginning of this application 
note, there are two methods of servicing peripherals: 
status polling and interrupt servicing. For most applica- 
tions the interrupt service method is best. This is 
because it requires the least amount of CPU time, thus 
increasing system throughput. However, for certain ap- 
plications, the status poll method may be desirable. 

For this reason, the 8259A supports polling operations 
with the poll command. As opposed to the conventional 
method of polling, the poll command offers improved 
device servicing and increased throughput. Rather than 
having the processor poll each peripheral in order to 
find the actual device requiring service, the processor 
polls the 8259A. This allows the use of all the previously 
mentioned priority modes and commands. Additionally, 
both polled and interrupt methods can be used within 
the same program. 

To use the poll command the processor must first have 
its interrupt request pin disabled. Once the poll com- 
mandjs issued, the 8259A will treat the next (CS quali- 
fied) RD pulse issued to it (an INput instruction) as an in- 
terrupt acknowledge. It will then set the appropriate bit 
in the ISR, if there was an interrupt request, and enable a 
special word onto the data bus. This word shows 
whether an interrupt request has occurred and the 
highest priority level requesting service. Figure 17 
shows the contents of the “poll word” which is read by 
the processor. Bits W0-W2 convey the binary code of 
the highest priority level requesting service. Bit I desig- 
nates whether or not an interrupt request is present. If 
an interrupt request is present, bit I will equal 1. If there 
isn’t an interrupt request at all, bit I will equal 0 and bits 
W0-W2 will be set to ones. Service to the requesting 
device is achieved by software decoding the poll word 
and branching to the appropriate service routine. Each 


time the 8259A is to be polled, the poll command must 
be written before reading the poll word. 

The poll command is useful in various situations. For in- 
stance, it’s a good alternative when memory is very 
limited, because an interrupt-vector table isn’t needed. 
Another use for the poll command is when more than 64 
interrupt levels are needed (64 is the limit when cascad- 
ing 8259’s). The only limit of interrupts using the poll 
command is the number of 8259’s that can be addressed 
in a particular system. Still another appli cation of the 
poll command might be when the INT or INTA signals 
are not available. This might be the case in a large 
system where a processor on one card needs to use an 
8259A on a different card. In this instance, the poll com- 
mand is the only way to monitor the interrupt devices 
and still take advantage of the 8259A’s prioritizing 
features. For those cases when the 8259A is using the 
poll command only and not the interrupt method, each 
8259A must receive an initialization sequence (interrupt 
vector). This must be done even though the interrupt 
vector features of the 8259A are not used. In this case, 
the interrupt vector specified in the initialization 
sequence could be a “fake”. 



W0-W2 = BINARY CODE OF HIGHEST 
PRIORITY LEVEL REQUESTING SERVICE 

1 = 1 IF AN INTERRUPT OCCURRED 


Figure 17. Poll Word 


3.5 INTERRUPT CASCADING 

As mentioned earlier, more than one 8259A can be used 
to expand the priority interrupt scheme to up to 64 levels 
without additional hardware. This method for expanded 
interrupt capability is called “cascading”. The 8259A 
supports cascading operations with the cascade mode. 
Additionally, the special fully nested mode and the buf- 
fered mode are available for increased flexibility when 
cascading 8259A’s in certain applications. 

Cascade Mode 

When programmed in the cascade mode, basic opera- 
tion consists of one 8259A acting as a master to the 
others which are serving as slaves. Figure 18 shows a 
system containing a master and two slaves, providing a 
total of 22 interrupt levels. 

A specific hardware set-up is required to establish 
operation in the cascade mode. With Figure 18 as a ref- 
erence, _note that the mas ter is d esignated by a high on 
the SP/EN pin, while the SP/EN pins of the slaves are 
grounded (this can also be done by software, see buf- 
fered mode). Additionally, the INT output pin of each 
slave is connected to an IR input pin of the master. The 
CASO-2 pins for all 8259A’s are paralleled. These pins 
act as outputs when the 8259A is a master and as inputs 
for the slaves. Serving as a private 8259A bus, they con- 
trol which slave has control of the system bus for inter- 
rupt vectoring operation with the processor. All other 
pins are connected as in normal operation (each 8259A 
receives an INTA pulse). 
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INTERRUPT REQUESTS 


Figure 18. Cascaded 8259A’S 22 Interrupt Levels 


Besides hardware set-up requirements, all 8259A’s must 
be software programmed to work in the cascade mode. 
Programming the cascade mode is done during the in- 
itialization of each 8259A. The 8259A that is selected as 
master must receive specification during its initializa- 
tion as to which of its IR inputs are connected to a 
slave’s I NT pin. Each slave 8259A, on the other hand, 
must be designated during its initialization with an ID (0 
through 7) corresponding to which of the master’s IR in- 
puts its I NT pin is connected to. This is all necessary so 
the CASO-2 pins of the masters will be able to address 
each individual slave. Note that as in normal operation, 
each 8259A must also be initialized to give its IR inputs 
a unique interrupt vector. More detail on the necessary 
programming of the cascade mode is explained in “Pro- 
gramming the 8259A”. 

Now, with background information on both hardware 
and software for the cascade mode, let’s go over the 
sequence of events that occur during a valid interrupt 
request from a slave. Suppose a slave IR input has 
received an interrupt request. Assuming this request is 
higher priority than other requests and in-service levels 
on the slave, the slave’s INT pin is driven high. This 
signals the master of the request by causing an inter- 
rupt request on a designated IR pin of the master. Again, 
assuming that this request to the master is higher priori- 
ty than other master requests and in-service levels 
(possibly from other slaves), the master’s INT pin is 
pulled high, interrupting the processor. 

The interrupt acknowledge sequence appears to the 
processor the same as the non-cascading interrupt 
acknowledge sequenc e; how ever, it’s different among 
the 8259A’s. The first INTA pulse is used by all the 
8259A’s for internal set-up purposes and, if in the 
8080/8085 mode, the maste r will place the CALL opcode 
on the data bus. The first INTA pulse also signals the 
master to place the requesting slave’s ID code on the 
CAS lines. This turns control over to the slave for the 
rest of the interrupt acknowledge sequence, placing the 


appropriate pre-programmed interrupt vector on the 
data bus, completing the interrupt request. 

During the interrupt acknowledge sequence, the cor- 
responding ISR bit of both the master and the slave get 
set. This means two EOI commands must be issued (if 
not in the automatic EOI mode), one for the master and 
one for the slave. 

Special consideration should be taken when mixed 
interrupt requests are assigned to a master 8259A; that 
is, when some of the master’s IR inputs are used for 
slave interrupt requests and some are used for individ- 
ual interrupt requests. In this type of structure, the 
master’s IRO must not be used for a slave. This is 
because when an IR input that isn’t initialized as a slave 
receives an interrupt request, the CASO-2 lines won’t be 
activated, thus staying in the default condition address- 
ing for IRO (slave IRO). If a slave is connected to the 
master’s IRO when a non-slave interrupt occurs on 
another master IR input, erroneous conditions may 
result. Thus IRO should be the last choice when assign- 
ing slaves to IR inputs. 

Special Fully Nested Mode 

Depending on the application, changes in the nested 
structure of the cascade mode may be desired. This is 
because the nested structure of a slave 8259A differs 
from that of the normal fully nested mode. In the cas- 
cade mode, if a slave receives a higher priority interrupt 
request than one which is in service (through the same 
slave), it won’t be recognized by the master. This is 
because the master’s ISR bit is set, ignoring all requests 
of equal or lower priority. Thus, in this case, the higher 
priority slave interrupt won’t be serviced until after the 
master’s ISR bit is reset by an EOI command. This is 
most likely after the completion of the lower priority 
routine. 

If the user wishes to have a truly fully nested structure 
within a slave 8259A, the special fully nested mode 
should be used. The special fully nested mode is pro- 
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grammed in the master only. This is done during the 
master’s initialization. In this mode the master will 
ignore only those interrupt requests of lower priority 
than the set ISR bit and will respond to all requests of 
equal or higher priority. Thus if a slave receives a higher 
priority request than one in service, it will be recognized. 
To insure proper interrupt operation when using the 
special fully nested mode, the software must determine 
if any other slave interrupts are still in service before 
issuing an EOI command to the master. This is done by 
resetting the appropriate slave ISR bit with an EOI and 
then reading its ISR. If the ISR contains all zeros, there 
aren’t any other interrupts from the slave in service and 
an EOI command ran be sent to the master. If the ISR 
isn’t all zeros, a:. EOI command shouldn’t be sent to the 
master. Clearing the master’s ISR bit with an EOf com- 
mand while there are still slave interrupts in service 
would allow lower priority interrupts to be recognized at 
the master. An example of this process is shown in the 
second application in the “Applications Examples” sec- 
tion. 

Buffered Mode 

The buffered mode is useful in large systems where buf- 
fering is required on the data bus. Although not limited 
to only 8259A cascading, it’s most pertinent in this use. 
In the buffered mod e, when ever the 8259A’s data bus 
output is enabled, its SP/EN pin will go low. This signal 
can be used to enable data transfer through a buffer 
transceiver in the required direction. 

Figure 19 shows a conceptual diagram of three 8259A’s 
in cascade, each slave is controlling an individual 8286 
8-bit bidirectional bus driver by means of the buffered 
mode. Note the pull-up on the SP/EN. It is used to 
enable data transfer to the 8259A for its initial program- 
ming. Whe n data transfer is to go from the 8259A to the 
processor, SP/EN will go low; otherwise, it will be high. 

A ques tion should arise, however, from the fact that the 
SP/EN pin is used to designate a master from a slave; 


how can it be used for both master-slave selection and 
buffer control? The answer to this is the provision for 
software programmable master-slave selection when in 
the buffer mode. The buffered mode is selected during 
each 8259A’s initialization. At the same time, the user 
can assign each individual 8259A as a master or slave 
(see “Programming the 8259A”). 


4. PROGRAMMING THE 8259A 

Programming the 8259A is accomplished by using two 
types of command words: Initialization Command 
Words (ICWs) and Operational Command Words 
(OCWs). All the modes and commands explained in the 
previous section, “Operation of the 8259A”, are pro- 
grammable using the ICWs and OCWs (see Appendix A 
for cross reference). The ICWs are issued from the proc- 
essor in a sequential format and are used to set-up the 
8259A in an initial state of operation. The OCWs are 
issued as needed to vary and control 8259A operation. 

Both ICWs and OCWs are sent by the processor to the 
8259A via the data bus (8259A CS = 0, WR = 0). The 
8259A distinguishes between the different ICWs and 
OCWs by the state of its AO pin (controlled by processor 
addressing), the sequence they’re issued in (ICWs only), 
and some dedicated bits among the ICWs and OCWs. 
Those bits which are dedicated are indicated so by fixed 
values (0 or 1) in the corresponding ICW or OCW pro- 
gramming formats which are covered shortly. Note, 
when issuing either ICWs or OCWs, the interrupt 
request pin of the processor should be disabled. 


4.1 INITIALIZATION COMMAND WORDS (ICWs) 

Before normal operation can begin, each 8259A in a 
system must be initialized by a sequence of two to four 
programming bytes called ICWs (Initialization Com- 
mand Words). The ICWs are used to set-up the neces- 
sary conditions and modes for proper 8259A operation. 



Figure 19. Cascade-Buffered Mode Example 
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Figure 20 shows the initialisation flow of the 8259A. 
Both ICW1 and ICW2 must be issued for any form of 
8259A operation. However, ICW3 and ICW4 are used 
only if designated so in ICW1. Determining the neces- 
sity and use of each ICW is covered shortly in individual 
groupings. Note that, once intialized, if any program- 
ming changes within the ICWs are to be made, the entire 
ICW sequence must be reprogrammed, not just an indi- 
vidual ICW,. 

Certain internal set-up conditions occur automatically 
within the 8259A after the first ICW has been issued. 
These are: 

A. Sequencer logic is set to accept the remain'ng ICWs 
as designated in ICW1. i 

B. The ISR (In-Service Register) and IMR (Interrupt Mask 
Register) are both cleared. 

C. The special mask mode is reset. 

D. The rotate in automatic EOI mode flip-flop is cleared. 

E. The IRR (Interrupt Request Register) is selected for 
the read register command. 

F. If the IC4 bit equals 0 in ICW1, all functions in ICW4 
are cleared; 8080/8085 mode is selected by default. 

G. The fully nested mode is entered with an initial prior- 
ity assignment of IRO highest through IR7 lowest. 

H. The edge sense latch of each IR pViority cell is 
cleared, thus requiring a low to high transition to 
generate an interrupt (edge triggered mode effected 
only). 



Figure 20. Initialization Flow 


The ICW programming format, Figure, 21, shows bit 
designation and a short definition of each ICW. With the 
ICW format as reference, the functions of each ICW will 
now be explained individually. 


ICW1 


A 0 D, D 6 D 5 D 4 D 3 D 2 O, D 0 



ICW2 

A 0 °7 D 6 Oj d 4 o 3 d 2 D, d 0 



ICW3 (MASTER DEVICE) 


A 0 D, D 6 O, D 4 D 3 D 2 D, Dj 



ICW3 (SLAVE DEVICE) 

An D 7 D 6 Oj D 4 Dj D 2 D, D q 



ICW4 

Ao D7 D6 D5 04 D3 02 Di Dq 



NOTE 1 SLAVE ID IS EQUAL TO THE CORRESPONDING MASTER )H INPUT 
NOTE 2 X INDICATES DON T CARE 


SOME OF THE TERMINOLOGY USED MAY DIFFER SLIGHTLY FROM EXISTING 8259A 
DATA SHEETS. THIS IS DONE TO BETTER CLARIFY AND EXPLAIN THE PROGRAM- 
MING OF THE 8259A, THE OPERATIONAL RESULTS REMAIN THE SAME. 


Figure 21. Initialization Command Words (ICWS) Programming Format 
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ICW1 and ICW2 

Issuing ICW1 and ICW2 is the minimum amount of pro- 
gramming needed for any type of 8259A operation. The 
majority of bits within these two ICWs are used to desig- 
nate the interrupt vector starting address. The remain- 
ing bits serve various purposes. Description of the !CW1 
and ICW2 bits is as follows: 

IC4: The IC4 bit is used to designate to the 8259A 

whether or not ICW4 will be issued. If any of 
the ICW4 operations are to be used, ICW4 
must equal 1. If they aren’t used, then ICW4 
needn’t be issued and IC4 can equal 0. Note 
that if IC4 = 0, the 8259A will assume operation 
in the MCS-80/85 mode. 

SNGL: The SNGL bit is used to designate whether or 

not the 8259A is to be used alone or in the cas- 
cade mode. If the cascade mode is desired, 
SNGL must equal 0. In doing this, the 8259A 
will accept ICW3 for further cascade mode pro- 
gramming. If the 8259A is to be used as the 
single 8259A within a system, the SNGL bit 
must equal 1; ICWS won’t be accepted. 

ADI: The ADI bit is used to specify the address in- 

terval for the MCS-80/85 mode. If a 4-byte ad- 
dress interval is to be used, ADI must equal 1. 
For an 8-byte address interval, ADI must equal 
0. The state of ADI is ignored when the 8259A 
is in the MCS-86/88 mode. 

LTIM: The LTIM bit is used to select between the two 

IR input triggering modes. If LTIM = 1, the level 
• triggered mode is selected. If LTIM = 0, the 
edge triggered mode is selected. 

A5-A15: The A5-A15 bits are used to select the inter- 
rupt vector address when in the MCS-80/85 
mode. There are two programming formats 
that can be used to do this. Which one is im- 
plemented depends upon the selected address 
interval (ADI). If ADI is set for the 4-byte inter- 
val, then the 8259A will automatically insert 
A0-A4 (AO, A1 = 0 and A2, AS, A4=IR0-7). 
Thus A5-A15 must be user selected by pro- 
gramming the A5-A15 bits with the desired ad- 
dress. If ADI is set for the 8-byte interval, then 
A0-A5 are automatically inserted (AO, A1, 
A2 = 0 and AS, A4, A5=IR0-7). This leaves 
A6-A15 to be selected by programming the 
A6-A15 bits with the desired address. The 
state of bit 5 is ignored in the latter format. 

T3-T7: The T3-T7 bits are used to select the interrupt 

type when the MCS-86/88 mode is used. The 
programming of T3-T7 selects the upper 5 
bits. The lower 3 bits are automatically in- 
serted, corresponding to the iR level causing 
the interrupt. The state of bits A5-A10 will be 
ignored when in the MCS-86/88 mode. Estab- 
lishing the actual memory address of the inter- 
rupt is shown in Figure 22. 


|t 7 [ t 6 |t s |t 4 1 t7| 


| T 7 | T 6 1 T S | T 4 j t 3 I T 2 I Tt 1 Tq I 


(AUTOMATICALLY INSERTED BY 8259A) 


- COMPLETE 8086/8088 INTERRUPT TYPE 


I 0 I 0 1 0 I 0 1 T 7 1 T 6 | T 5 [ T 4 1 T 3 I T; | T, 1 Tp| 0~[T| - 


Figure 22. Establishing Memory Address of 8086/8088 Interrupt Type 


ICW3 

The 8259A will only accept ICW3 if programmed in the 
cascade mode (ICW1, SNGL=0). ICW3 is used for 
specific programming within the cascade mode. Bit 
definition of ICW3 differs depending on whether the 
8259A is a master or a slave. Definition of the ICW3 bits 
is as follows: 

SO -7 If the 8259A is a master (either when the 
(Master): SP/EN pin is tied high or in the buffered 

mode when M/S= 1 in ICW4), ICW3 bit defi- 
nition is SO-7, corresponding to “slave 0-7”. 
These bits are used to establish which IR in- 
puts have slaves connected to them. A 1 
designates a slave, a 0 no slave. For exam- 
ple, if a slave was connected to IR3, the S3 
bit should be set to a 1. (SO) should be last 
choice for slave designation. 

ID0-ID2 If the 8259A is a slave (either when the SP/EN 
(Slave): pin is low or in the buffered mode when 

M/S = 0 in ICW4), ICW3 bit definition is used 
to establish its individual identity. The ID 
code of a particular slave must correspond 
to the number of the masters IR input it is 
connected to. For example, if a slave was 
connected to IR6 of the master, the slaves 
IDO-2 bits should be set to ID0 = 0, ID1 = 1, 
and ID2 = 1. 

ICW4 

The 8259A will only accept ICW4 if it was selected in 
ICW1 (bit IC4= 1). Various modes are offered by using 
ICW4. Bit definition of ICW4 is as follows: 

juPM: The ^PM bit allows for selection of either the 

MCS-80/85 or MCS-86/88 mode. If set as a 1 the 
MCS-86/88 mode is selected, if a 0, the 
MCS-80/85 mode is selected. 

AEOI: The AEOI bit is used to select the automatic 

end of interrupt mode. If AEOI = 1, the 
automatic end of interrupt mode is selected. If 
AEOI = 0, it isn’t selected; thus an EOI com- 
mand must be used during a service routine. 

M/S: The M/S bit is used in conjunction with the buf- 

fered mode. If in the buffered mode, M/S 
defines whether the 8259A is a master or a 
slave. When M/S is set to a 1, the 8259A 
operates as the master; when M/S is 0, it 
operates as a slave. If not programmed in the 
buffered mode, the state of the M/S bit is 
ignored. 
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BUF: The BUF bit is used to designate operation in 

the buffere d mode, thus controlling the use of 
the SP/EN pin. If BUF is se t to a 1 , the buffered 
mode is programmed and SP/EN is used as a 
transceiver enable output. If BUF is 0, the b uf- 
fered mode isn’t programmed and SP/EN is 
used for master/slave selection. Note if ICW4 
isn’t programmed, SP/EN is used for master/ 
slave selection. 

SFNM: The SFNM bit designates selection of the 
special fully nested mode which is used in 
conjunction with the cascade mode. Only the 
master should be programmed in the special 
fully nested mode to assure a truly fully nested 
structure among the slave IR inputs. If SFNM 
is set to a 1, the special fully nested mode is 
selected; if SFNM is 0, it is not selected. 


4.2 OPERATIONAL COMMAND WORD (OCWs) 

Once initialized by the ICWs, the 8259A will most likely 
be operating in the fully nested mode. At this point, 
operation can be further controlled or modified by the 
use of OCWs (Operation Command Words). Three 
OCWs are available for programming various modes and 
commands. Unlike the ICWs, the OCWs needn’t be in 
any type of sequential order. Rather, they are issued by 
the processor as needed within a program. 

Figure 23, the OCW programming format, shows the bit 
designation and short definition of each OCW. With the 
OCW format as reference, the functions of each OCW 
will be explained individually. 

OCW1 

OCW1 is used solely for 8259A masking operations. It 
provides a direct link to the IMR (Interrupt Mask Regis- 
ter). The processor can write to or read from the IMR via 
OCW1. The OCW1 bit definition is as follows: 

M0-M7: The M0-M7 bits are used to control the mask- 
ing of IR inputs. If an M bit is set to a 1, it will 
mask the corresponding IR input. A 0 clears 
the mask, thus enabling the IR input. These 
bits convey the same meaning when being 
read by the processor for status update. 

OCW2 

OCW2 is used for end of interrupt, automatic rotation, 
and specific rotation operations. Associated commands 
and modes of these operations (with the exception of 
AEOI initialization), are selected using the bits of OCW2 
in a combined fashion. Selection of a command or 
mode should be made with the corresponding table for 
OCW2 in the OCW programming format (Figure 20), 
rather than on a bit by bit basis. However, for com- 
pleteness of explanation, bit definition of OCW2 is as 
follows: 

L0-L2: The L0-L2 bits are used to designate an inter- 

rupt level (0-7) to be acted upon for the opera- 
tion selected by the EOI, SL, and R bits of 
OCW2. The level designated will either be 
used to reset a specific ISR bit or to set a 
specific priority. The L0-L2 bits are enabled or 
disabled by the SL bit. 


A„ D, D s D s D 4 D 3 Oj D, D 0 



D, Dj, D ? O t 0 3 D, D, O 0 



\ Ob n 4 0 3 D, D, D„ 



Figure 23. Operational Command Words (OCWs) Programming Format 


EOI: The EOI bit is used for all end of interrupt com- 

mands (not automatic end of interrupt mode). 
If set to a 1, a form of an end of interrupt com- 
mand will be executed depending on the state 
of the SL and R bits. If EOI is 0, an end of inter- 
rupt command won’t be executed. 

SL: The SL bit is used to select a specific level for 

a given operation. If SL is set to a 1, the L0-L2 
bits are enabled. The operation selected by the 
EOI and R bits will be executed on the 
specified interrupt level. If SL is 0, the L0-L2 
bits are disabled. 

R: The R bit is used to control all 8259A rotation 

operations. If the R bit is set to a 1, a form of 
priority rotation will be executed depending on 
the state of SL and EOI bits. If R is 0, rotation 
won’t be executed. 
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0CW3 

0CW3 is used to issue various modes and commands to 
the 8259A. There are two main categories of operation 
associated with OCW3: interrupt status and interrupt 
masking. Bit definition of OCW3 is as follows: 

RIS: The RIS bit is used to select the ISR or IRR for 

the read register command. If RIS is set to 1, 
ISR is selected. If RIS is 0, IRR is selected. The 
state of the RIS is only honored if the RR bit is 
a 1. 

RR: The RR bit is used to execute the read register 

command. If RR is set to a 1, the read register 
command is issued and the state of RIS deter- 
mines the register to be read. If RR is 0, the 
read register command isn’t issued. 

P: The P bit is used to issue the poll command. If 

P is set to a 1, the poll command is issued. If it 
is 0, the poll command isn’t issued. The poll 
command will override a read register com- 
mand if set simultaneously. 

SMM: The SMM bit is used to set the special mask 

mode. If SMM is set to a 1, the special mask 
mode is selected. If it is 0, it is not selected. 
The state of the SMM bit is only honored if it is 
enabled by the ESMM bit. 

ESMM: The ESMM bit is used to enable or disable the 
effect of the SMM bit. If ESMM is set to a 1, 
SMM is enabled. If ESMM is 0, SMM is dis- 
abled. This bit is useful to prevent interference 
of mode and command selections in OCW3. 

5. APPLICATION EXAMPLES 

In this section, the 8259A is shown in three different ap- 
plication examples. The first is an actual design imple- 
mentation supporting an 8080A microprocessor system, 
“Power Fail/Auto Start with Battery Back-Up RAM”. The 
second is a conceptual example of incorporating more 
than 64 interrupt levels in an 8080A or 8085A system, 
“78 Level Interrupt System”. The third application is a 
conceptual design using an 8086 system, “Timer Con- 
trolled Interrupts”. Although specific microprocessor 
systems are used in each example, these applications 
can be applied to either MCS-80, MCS-85, MCS-86, or 
MCS-88 systems, providing the necessary hardware and 
software changes are made. Overall, these applications 
should serve as a useful guide, illustrating the various 
procedures in using the 8259A. 

5.1 POWER FAIL/AUTO-START WITH BATTERY 
BACK-UP RAM 

The first application illustrates the 8259A used in an 
8080A system, supporting a battery back-up scheme for 
the RAM (Random Access Memory) in a microcomputer 
system. Such a scheme is important in numerical and 
process control applications. The entire microcomputer 
system could be supported by a battery back-up 
scheme, however, due to the large amount of current 
usually required and the fact that most machinery is not 
supported by an auxiliary power source, only the state 
of calculations and variables usually need to be saved. 
In the event of a loss of power, if these items are not 
already stored in RAM, they can be transferred there and 
saved using a simple battery back-up system. 


The vehicle used in this application is the Intel® 
SBC-80/20 Single Board Computer. An 8259A is used in 
the SBC-80/20 along with control lines helpful in imple- 
menting the power-down and automatic restart se- 
quence used in a battery back-up system. The SBC-80/20 
also contains user-selectable jumpers which allow the 
on-board RAM to be powered by a supply separate from 
the supply used for the non-RAM components. Also, the 
output of an undedicated latch is available to be con- 
nected to the IR inputs of the 8259A (the latch is cleared 
via an output port). In addition, an undedicated, buffered 
input line is provided, along with an input to the RAM 
decoder that will protect memory when asserted. 

The additional circuitry to be described was con- 
structed on an SBC-905 prototyping board. An SBC-635 
power supply was used to power the non-RAM section 
of the SBC-80/20 while an external DC supply was used 
to simulate the back-up battery supplying power to the 
RAM. The SBC-635 was used since it provides an open 
collector ACLO output which indicates that the AC 
input line voltage is below 103/206 VAC (RMS). 

The following is an example of a power-down and restart 
sequence that introduces the various power fail signals. 

1. An AC power failure occurs and the ACLO goes high 
(ACLO is pulled up by the battery supply). This indi- 
cates that DC power will be reliable for at most 7.5 

' ms. The pow er fail circutry generates a Powei^Fail In- 
terrupt (PFI) signal. This signal sets the PFi latch, 
which is connected to the IR0 input of the 8259A, and 
sets the Power Fail Sense (PFS) latch. The state of 
this latch will indicate to the processor, upon reset, 
whether it is coming up from a power failure (warm 
start) or if it is coming up initially (cold start). 

2. The processor is interrupted by the 8259A when the 
PFI latch is set. This pushes the pre-power-down pro- 
gram counter onto the stack and calls the service 
routine for the IR0 input. The IR0 service routine 
saves the processor status and any other needed 
variables. The routine should end with a HALT 
instruction to minimize bus transitions. 

3. After a predetermined length of time (5 ms in this ex- 
ample) t he pow er fail circuitry generates a Memory 
Protect (MPRO) signal. All processing for the power 
failure (including the interrupt response delay s) must 
be completed within this 5 ms window. The MPRO 
signal ensures that spurious transitions on the sys- 
tem control bus caused by power going down do not 
alter the contents of the RAM. 

, 4. DC power goes down. 

5. AC power returns. The power-on reset circuitry on the 
SBC-80/20 generates a system RESET. 

6. The processor reads the state of the PFS line to 
determine the appropriate start-up sequence. The 
PFS latch is cleared, the MPRO signal is removed, 
and the PFI latch drivin g IR0 is cleared by the Power 
Fail Sense Reset (PFSR) signal. The system then con- 
tinues from the pre-power-down location for a warm 
start by restoring the processor status and popping 
the pre-power-down program counter off the stack. 

Figure 24 illustrates this timing. 
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Figure 24. Power Down Restart Timing 


Figure 25 shows the block diagram for the system. 
Notice that the RAM, the RAM decoder, and the power- 
down circuitry are powered by the battery supply. 

The schematic of the power-down circuitry and the 
SBC-80/20 interface is shown in Figure 26. The design is 
very straightforward and uses CMOS logic to minimize 
the battery current requirements. The cold start s witch 
is necessary to ensure that during a cold start, the PFS 
line is indicating “cold start” sense (PFS high). Thus, for 


a cold start, the cold start switch is depressed during 
power on. After that, no further action is needed. Notice 
that the PFI signal sets the on-board PFI latch. The out- 
put of this latch drives the 8259A IRO input. This latch is 
cleared during the restart routine by e xecu ting an OUT- 
put D4H instruction. The state of the PFS line may be 
read on the least significant data bus line (DBO) by exe- 
cuting an INput D4H instruction. An 8255 port (8255 #1, 
port C, bit 0) is used to control the PFSR line. 


BATTERY SUPPLY 


CONTROL BUS 
DATA BUS 
ADDRESS BUS 



Figure 25. Block Diagram of SBC 80/20 with Power Down Circuit 
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Figure 26. Power Down Circuit - SBC 80/20 Interface 


The fully nested mode for the 8259A is used in its initial 
state to ensure the IRO always has the highest priority. 
The remaining IR inputs can be used for any other pur- 
pose In the system. The only constraint is that the ser- 
vice routines must enable interrupts as early as possi- 
ble. Obviously, this is to ensure that the power-down in- 
terrupt does not have to wait for service. If a rotating 
priority scheme is desired, another 8259A could be 
added as a slave and be programmed to operate in a 
rotating mode. The master would remain in the initial 
state of the fully nested mode so that the IRO still re- 
mains the highest priority input. 

The software to support the power-down circuitry is 
shown in Figure 27. The flow for each label will be 
discussed. 

After any system reset, the pro cesso r starts execution 
at location 0000H (START). The PFS st atus is read and 
execution is transferred to CSTART if PFS indicates a 
cold start (i.e., someone is depressing the cold start 
switch) or WSTART if a warm start is indicated (PFS 
LOW). CSTART is the start of the user’s program. The 
Stack Pointers (SP) and device initialization were in- 
cluded just to remind the reader that these must occur. 
The first El instruction must appear after the 8259A has 
received its initialization sequence. The 8259A (and 
other devices) are initialized in the IN IT subroutine. 

When a power failure occurs, execution is vectored by 
the 8259A to REGSAV by way of the jump table at 
JSTART. The pre-power-down program counter is placed 
on the stack. REGSAV saves the processor registers 
and flags in the usual manner by pushing them onto the 
stack. Other items, such as output port , status, program- 


mable peripheral states, etc., are pushed onto the stack 
at this time. The Stack Pointer (SP) could be pushed on- 
to the stack by way of the register pair HL but the top of 
the stack can exist anywhere in memory and there is no 
way then of knowing where that is when in the power-up 
routine. Thus, the SP is saved at a dedicated location in 
RAM. It isn’t really necessary to send an EOI command 
to the 8259A in REGSAV since power will be removed 
from the 8259A, but one is included for completeness. 
The final instruction before actually losing power is a 
HALT. This minimizes somewhat spurious transitions 
on the various busses and lets the processor die 
gracefully. 

On reset, when a warm start is detected, execution is 
transferred to WSTART. WSTART activates PFSR by 
way of the 8255 (all outputs go low th en the 8255 is ini- 
tialized). In the power-down circuitr y, PFSR clears the 
PFS latch and removes the MPRO signal which then 
allows access to the RAM. WSTART also clears the PFI 
latch which arms the 8259A IRO input. Then the 8259A is 
re-initialized along with any other devices. The SP is 
retrieved from RAM and the processor registers and 
flags are restored by popping them off the stack. Inter- 
rupts are then enabled. Now the power-down program 
counter is on top of the stack, so executing a RETurn in- 
struction transfers the processor to exactly where it left 
off before the power failure. 

Aside from illustrating the usefulness of the 8259A (and 
the SBC-80/20) in implementing a power failure pro- 
tected microcomputer system, this application should 
also point out a way of preserving the processor status 
when using interrupts. 
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LOC OBJ SLR SOURCE LIATCMENT 


2 • POWER DOWN AND PEI I ART TOR THE SBC 08/28 


00OA 

880B 

88E? 

08ES 

8881 


8088 DBD4 
8882 IF 
0883 002001 


4 . 

5 SYSTEM DJURTES 

£ PT5SR EQU 8DAH 

7 PT59B EQU 0DBH 

8 PPI1CT SOU 3L7H 

8 PPUC EUU 8E6H 

18 SI 'SAVE EOU -C880H 

11 JPT LRU 011! 

12 ■ 


8255 PORT WITH H8=8 
<8258 PORT WITH f»=l 
8255 #1 lONTPQL PORT 
,0255 #1 PORT C 
SP STORUUE IN RAM 
■MSB UF 8259 JUMP TPBLL 


13 , 

14 . START II NG POINT RTTLR SYSTEM RESET 

15 

16 < 

V UPO 8H 

18 START IN 8D4H .READ PTS/ STATUS 

19 RAP .RFS/ ON DB0 TUT IN CARRY 

20 TC LSI ART • PF n =1 THEN CuLD START 


23 .W5TART LOCATION RTV=0 


THEN WARM STAR I 


8006 3C80 26 HSTART MVI H.80H . Shi 8255 #1 TO OUTPUT MODE 

8808 D3E7 17 OUT PPUC I 8255 CONTROL PUkf. PTSP,' GOES LUW 


000A 2C81 
000C DiE6 
080E D3D4 
0810 CD1D88 
0013 2H003S 
0016 F9 
001? Cl 
8018 01 
8019 El 
001H FI 
801B PB 
801C CS 


23 .OUTPUT COMMAND MAKES PFSR/ GO LOW WHICH REMOVES MPPO/ UNO 

30 .CLEARS ITS LATCH 


31 

32 MVI A, 81H 

33 OUT PPUC 

34 OUT 0D4H 

35 CALL INI! 

j; UILD ST'SAVE 

37 SPHL 

38 POP B 

35 POP 0 

40 POP K 

41 POP T'SW 

42 LI 

43 RE1 

44 

45 

46 ■ 


.RETURN PTSR/ HIGH 
8255 #1 POM C 
RESET 14 1 LATCH 
.GO INITIALIZE EVERY I HING 
RET RIVE SP FROM PAM 
PUT BACK INTO SP 
. RESTORE BC 
, RLSTORE OE 
.RESTORE ML 
.RESTORE A PLUS FLAGS 
■ENABLE INTERRUPTS 
■PRE -POWER- DOWN PC UN TOP OF SI ACK 
.RETURN TO IT 


47 • INITIALIZATION ROUTINE HT LEAST DO 8259 BUT OTTERS LAN BE ADDED 


001D 3E16 


0023 D30B 


58 INI I MVI H.16H 

51 OUT PT59A 

52 MVI A, JPT 

' 53 OUT PT598 

54 


• F=i, S=l< H7-H5=0 ICW1 
,8259 PORT WITH A0=8 
.MSB OF JUMP IflfcLL ICW2 
.8259 PORT WITH A8=l 


55 .ADD ANY CITHER INITIHUZATIUNS TERE 

56 

5/ PET RETURN 

- --- --- 

55 . 

68 .TOWER DOWN ROUTINE 10 jRVt RCGU.OS AND STRfU. 


0026 F5 
8027 E5 
8023 D5 
082? C5 
082A 218080 
802D 3? 

882E 228830 


8031 3C28 
8833 D3DH 
8835 76 


cm'.e f plus flags 

at, VC HL 
SAVE DE 
SAVE BC 


I aLT i; 


jET SF 


LOi NO l FEALL" NEEDED BUT INCLUDED TCP i UMFLt-TENtaj 

MVI H 20*1 .NON-iPLUM EOI 

OUT PT59A &55 PORT WlTI, WMafl 

tilt hhli uO down uRAtcfull', 


• 8i59 TUMP TABLE UNL', IP8 IS USED i 'TIERS DIFC'TLD 10 H 


8100 C32688 
8183 00 
8104 C31033 
0107 80 
8188 C32838 
010B 00 
810C C3303S 
810F 00 
0110 C3403S 

0113 88 

0114 C3503P 
8117 00 


100K, 

RLCShV 


100 .COLD START LOCATION USER'S PROGRAM ENTERS HERE 


0120 31803F 
0123 CD1D80 
8126 D3D4 


INITIALIZE aP 

INITIAL UL EVERYTHING LljE 
RISE I PFI LAi CH 

lhhlll intern* t; 


•USER PROGRAM STARTS HERE 


Figure 27. Power Down and Restart Software 


5.2 78 LEVEL INTERRUPT SYSTEM 

The second application illustrates an interrupt structure 
with greater than 64 levels for an 8080A or 8085A sys- 
tem. In the cascade mode, the 8259A supports up to 64 
levels with direct vectoring to the service routine. Ex- 
tending the structure to greater than 64 Levels requires 
polling, using the poll command. A 78 level interrupt 
structure is used as an illustration; however, the prin- 
ciples apply to systems with up to 512 levels. 

To implement the 78 level structure, 3 tiers of 8259A’s 
are used. Nine 8259A’s are cascaded in the master-slave 
scheme, giving 64 levels at tier 2. Two additional 
8259A’s are connected, by way of the INT outputs, to 
two of the 64 inputs. The 16 inputs at tier 3, combined 
with the 62 remaining tier 2 inputs, give 78 total levels. 
The fully nested structure is preserved over all levels, 
although direct vectoring is supplied for only the tier 2 
inputs. Software is required to vector any tier 3 re- 
quests. Figure 28 shows the tiered structure used in this 
example. Notice that the tier 3 8259A’s are connected to 
the bottom level slave (SA7). The master-slaves are inter- 
connected as shown in “Interrupt Cascading”, while the 
tier 3 8 259A’s are connected as “masters”; that is, the 
SP/EN pins are pulled high and the CAS pins are left un- 
connected. Since these 8259A’ s are only going to be 
used wit h the poll command, no INTA is required, there- 
fore the INTA pins are pulled high. 



Figure 28. 78 Level Interrupt Structure 
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The concept used to implement the 78 levels is to 
directly vector to all tier 2 input service routines. If a tier 

2 input contains a tier 3 8259A, the service routine for 
that input will poll the tier 3 8259A and branch to the tier 

3 input service routine based on the poll word read after 
the poll command. Figure 29 shows how the jump table 
is organized assuming a starting location of 1000H and 
contiguous tables for all the tier 2 8259A’s. Note that 
“SA35” denotes the IR5 input of the slave connected to 
the master IR3 input. Also note that for the normal tier 2 
inputs, the jump table vectors the processor directly to 
the service routine for that input, while for the tier 2 in- 
puts with 8259 A’ s connected to their IR inputs, the proc- 
essor is vectored to a service routine (i.e., SBO) which 
will poll to determine the actual tier 3 input requesting 
service. The polling routine utilizes the jump table start- 
ing at 1200H to vector the processor to the correct tier 3 
service routine. 


LOCATION 8259 CODE COMMENTS 

1000 H SAO JMP SA00 . SA00 SERVICE ROUTINE 

101CH JMP SA07 , SA07 SERVICE ROUTINE 

1020 H SA1 JMP SA10 . SA10 SERVICE ROUTINE 

103C H JMP SA17 , SA17 SERVICE ROUTINE 


. SA20-SA67 SERVICE ROUTINES 


10E0 H SA7 JMP SA70 . SA70 SERVICE ROUTINE 

10F8 H JMP SBO . SBO POLL ROUTINE 

10FC H JMP SB1 , SB1 POLL ROUTINE 

1200 H SBO JMP SB00 . SB00 SERVICE ROUTINE 

121C H JMP SB07 , SB07 SERVICE ROUTINE 

1220 H ’ SB1 JMP SB10 , SB10 SERVICE ROUTINE 

123C H JMP SB17 , SB17 SERVICE ROUTINE 


Each 8259A must receive an initialization sequence 
regardless of the mode. Since the tier 1 and 2 8259A’s 
are in cascade and the special fully nested mode is used 
(covered shortly), all ICWs are required. The tier 3 
8259A’s don’t require ICW3 or ICW4 since only polling 
will be used on them and they are connected as masters 
not in the cascade mode. The initialization sequence for 
each tier is shown in Figure 30. Notice that the master is 
initialized with a “dummy” jump table starting at 00H 
since all vectoring is done by the slaves. The tier 3 
devices also receive “dummy” tables since only polling 
is used on tier 3. 


As explained in “Interrupt Cascading”, to preserve a 
truly fully nested mode within a slave, the master 8259A 
should be programmed in the special fully nested mode. 
This allows the master to acknowledge all interrupts at 
and above the level in service disregarding only those of 
lower priority. The special fully nested mode is pro- 
grammed in the master only, so it only affects the im- 
mediate slaves (tier 2 not tier 3). To implement a fully 
nested structure among tier 3 slaves some special 
housekeeping software is required in all the tier-2-with- 
tier-3-slave routines. The software should simply save 
the state of the tier 2 IMR, mask all the lower tier 2 inter- 
rupts, then issue a specific EOI, resetting the ISR of the 
tier 2 interrupt level. On completion of the routine the 
IMR is restored. 

Figure 31 shows an example flow and program for any 
tier 2 service routine without a tier 3 8259A. Figure 32 
shows an example flow and program for any tier 2 ser- 
vice routine with a tier 3 8259A. Notice the reading of the 
ISR in both examples; this is done to determine whether 
or not to issue an EOI command to the master (refer to 
the section on “Special Fully Nested Mode” for further 
details). 


Figure 29. Jumpt Table Organization 


INITIALIZATION SEQUENCE FOR 78 LEVEL INTERRUPT STRUCTURE 
INITIALIZE MASTER 


MINT: 

MVI 

A.15H 

ICWI, LTM = 0, ADI = 1,S = 0, IC4 = 1 


OUT 

MPTA 

MASTER PORT A0* 0 


MVI 

A.00H 

ICW2, DUMMY ADDRESS 


OUT 

MPTB 

MASTER PORT AO = 1 


MVI 

A.0FFH 

ICW3, S7S0 = 1 


OUT 

MPTB 

MASTER PORT A0* 1 


MVI 

A,I0H 

ICW4, SFNM * 1 


OUT 

MPTB 

MASTER PORT A0 * 1 

INITIALIZE SA SLAVES - X DENOTES SLAVE ID (SEE KEY) 

SAXINT: 

MVI 

A, a 

SEE KEY FOR ICWI, LTM = 0, ADI * 1, S * 0, IC4 * 


OUT 

SAXPTA 

SA“X” PORT AO *0 


MVI 

A, 10H 

ICW2, ADDRESS MSB 


OUT 

SAXPTB 

SA“X” PORT AO* 1 


MVI 

A0XH 

ICW3, SA ID 


OUT 

SAXPTB 

SA“X” PORT A0 = 1 


MVI 

A10H 

ICW4, SFNM = 1 


OUT 

SAXPTB 

SA“X” PORT A0 = 1 


REPEAT ABOVE FOR EACH SA SLAVE 


INITIALIZE SB SLAVES - X DENOTES 0 or 1 (DO SBO, REPEAT FOR SB1) 

SBXINT MVI A.I6H ; ICW1, LTM = 0, ADI*1, S = 1, IC4*0 

OUT SBXPTA ; SB“X” PORT A0*0, 

MVI A,00H ; ICW2, DUMMY ADDRESS 

OUT SBXPTB ; SB“X” PORT A0 = 1 


SA INITIALIZATION KEY | 

SA“X” 

a (ICWI) 

JUMP TABLE START (H) 

0 

15 

1000 

1 

35 

1020 

2 

55 

1040 

3 

75 

1060 

4 

95 

1080 

5 

B5 

10A0 

5 

D5 

10C0 

7 

F5 

10EO 


Figure 30. initialization Sequence for 78 Level Interrupt Structure 
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SA“X” ROUTINE - GENERAL INTERRUPT SERVICE ROUTINE 
FOR TIER 2 INTERRUPTS WITHOUT TIER 3 8259A 

SAX PUSH D ; SAVE DE 


PUSH H 
PUSH PSW 
El 

SERVICE ROUTINE GOES HERE 
Dl 

MVI 20 H 

OUT SAXPTA 

MUI A,0B H 

OUT SAXPTA 

IN SAXPTA 

ANI OFFh 

JZN SAXRSR 

MVI A,0B h 

OUT MASPTA 

SAXRSR POP PSW 

POP H 

POP B 

POP D 

El 

RET 


SAVE HL 
SAVE A, FLAGS 
ENABLE INTERRUPTS 


DISABLE INTERRUPTS 

OCW2, NON SPECIFIC EOI 

SA'‘X” PORT AO = 0 

OCW3, READ REGISTER, ISR 

SA“X” PORT AO s 0 

SA“X” PORT AO = 0, SA“X” ISR 

TEST FOR ZERO 

IF NOT ZERO, RESTORE STATUS 
OCW2, NON SPECIFIC EOI 
MASTER PORT A0 = 0 
RESTORE A, FLAGS 
RESTORE HL 
RESTORE BC 
RESTORE DE 
ENABLE INTERRUPTS 
RETURN 


Figure 31. Example Service Routine for Tier 2 Interrupt <SA“X”) without Tier 3 8259A (SB“X”) 



PUSH D 
PUSH B 
PUSH H 
PUSH PSW 


, SAVE DE 
, SAVE BC 
; SAVE HL 
; SAVE A, FLAGS 
SAXPTB , ; READ SA“X” IMR 
SAVE 


A.XXh 

SAXPTB 

A, 6X H 
SAXPTA 
H,12P0 h 

B, 00 h 
A,0C h 
SBXPTA 
SBXPTA 
07 H 


; MASK SA“X” LOWER IR 
, SA“X” PORT AO = 1 
; OCW2 SPECIFIC EOI SA“X” 
, SA“X” PORT AO = 1 
, JUMP TABLE START 
, CLEAR B 

, OCW3, POLL COMMAND 
; SB“X” PORT AO = 0 
, GET POLL WORD 
, LIMIT TO 3 BITS 
; GET TABLE OFFSET 

! OFFSET TO C 
; HL HAS TABLE ADDRESS 
, ENABLE INTERRUPTS 


SBXRET Dl 

MVI A,20 H 

OUT SBXPTA 

MVI A,0B H 

OUT SAXPTA 

IN SBXPTA 

ANI 0FF h 

JNZ SBXRSR 

MVI A,20h 

OUT MASPTA 

SBXRSR' MOV A,D 

OUT SAXPTB 

POP PSW 

POP H 

POP B 

POP D 

El 

RET 


, DISABLE INTERRUPTS 
, OCW2, NON SPECIFIC EOI 
, SA“X” PORT AO = 0 
, OCW3, READ REGISTER ISR 
, SA“X” PORT A0 = 0 | 

; SA"X” PORT AO =0, ISR 
; TEST FOR ZERO 
; IF *0 RESTORE IMR 
; OCW2, NON-SPECIFIC EOI 
; MASTER PORT AO = 0 
, RESTORE SA“X” IMR 
, SA“X” PORT AO = 1 
, RESTORE A, FLAGS 
, RESTORE HL 
; RESTORE BC 
, RESTORE BC 
; RESTORE DE 
; RETURN 


Figure 32. Example Service Routine for Tier 2 Interrupt (SA“X”) with Tier 3 8259A (SB“X”) 
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5.3 TIMER CONTROLLED INTERRUPTS 

In a large number of controller type microprocessor 
designs, certain timing requirements must be imple- 
mented throughout program execution. Such time 
dependent applications include control of keyboards, 
displays, CRTs, printers, and various facets of industrial 
control. These examples, however, are just a few of 
many designs which require device servicing at specific 
; rates or generation of time delays. Trying to maintain 
these timing requirements by processor control alone 
can be costly in throughput and software complexity. 
So, what can be done to alleviate this problem? The 
answer, use the 8259A Programmable Interrupt Con- 
troller and external timing to interrupt the processor for 
time dependent device servicing. 

This application example uses the 8259A for timer con- 
trolled interrupts in an 8086 system. External timing is 
done by two 8253 Programmable Interval Timers. Figure 
33 shows a block diagram of the timer controlled inter- 
rupt circuitry which was built on the breadboard area of 
an SDK-86 (system design kit). Besides the 8259A and 
the 8253’s, the necessary I/O decoding is also shown. 
The timer controlled interrupt circuitry interfaces with 
the SDK-86 which serves as the vehicle of operation for 
this design. 

A short overview of how this application operates is as 
follows. The 8253’s are programmed to generate inter- 
rupt requests at specific rates to a number of the 8259A 
IR inputs. The 8259A processes these requests by inter- 
rupting the 8086 and vectoring program execution to the 
appropriate service routine. In this example, the 
routines use the SDK-86 display panel to display the 
number of the interrupt level being serviced. These 
routines are merely for demonstration purposes to show 
the necessary procedures to establish the user’s own 
routines in a timer controlled interrupt scheme. 

Let’s go over the operation starting with the actual inter- 
rupt timing generation which is done by two 8253 Pro- 
grammable Interval Timers (8253 #1 and 8253 #2). Each 
8253 provides three individual 16-bit counters (counters 


0-2) which are software programmable by the proc- 
essor. Each counter has a clock input (CLK), gate input 
(GATE), and an output (OUT). The output signal is based 
on divisions of the clock input signal. Just how or when 
the output occurs is determined by one of the 8253’s six 
programmable modes, a programmable 16-bit count, 
and the state of the gate input. 

Figure 34 shows the 8253 timing configuration used for 
generating interrupts to the 8259A. The SDK-86’s PCLK 
(peripheral clock) signal provides a 400 ns period clock 
to CLK0 of 8253 #1 . Counter 0 is used in mode 3 (square 
wave rate generator), and acts as a prescaler to provide 
the clock inputs of the other counters with a 10 ms 
period square wave. This 10 ms clock period made it 
easy to calculate exact timings for the other counters. 
Counter 2 of the 8253 #1 is used in mode 2 (rate gener- 
ator), it is programmed to output a 10 ms pulse for every 
200 pulses it receives (every 2 sec). The output of 
counter 2 causes an interrupt on IR1 of the 8259A. All 
the 8253 #2 counters are used in mode 5 (hardware trig- 
gered strobe) in which the gate input initiates counter 
operations. In this case the output of 8253 #1 counter 2 
controls the gate of each 8253 #2 counter. When one of 
the 8253 #2 counters receive the 8253 #1 counter 2 out- 
put pulse on its gate, it will output a pulse (10 ms in 
duration) after a certain preprogrammed number of 
clock pulses have occurred. The programmed number of 
clock pulses for the 8253 #2 counters is as follows: 50 
pulses (0.5 sec) for counter 0, 100 pulses (1 sec) for 
counter 1, and 150 pulses (1.5 sec) for counter 2. The 
outputs of these counters cause interrupt requests on 
IR2 through IR4 of the 8259A. Counter 1 of 8253 #1 is 
used in mode 0 (interrupt on terminal count). Unlike the 
other modes used which initialize operation auto- 
matically or by gate triggering, mode 0 allows software 
controlled counter initialization. When counter 1 of 8253 
, % #1 is set during program execution, it will count 25 
clocks (250 ms) and then pull its output high, causing an 
interrupt request on IR0 of the 8259A. Figure 35 shows 
the timing generated by the 8253’s which cause inter- 
rupt request on the 8259A IR inputs. 



Figure 33. Timer Controlled Interrupt Circuit on SDK 86 Breadboard Area 
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Figure 34. 8253 Timing Configuration for Timer Controlled Interrupts 
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Figure 35. 8259A IR Input Signal From 8253S 
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There are basically two methods of timing generation 
that can be used in a timer controlled interrupt struc- 
ture: dependent timing and independent timing. Depen- 
dent timing uses a single timing occurrence as a refer- 
ence to base other timing occurrences on. On the other * 
hand, independent timing has no mutual reference be- 
tween occurrences. Industrial controller type applica- 
tions are more apt to use dependent timing, whereas in- 
dependent timing is prone to individual device control. 

Although this application uses primarily dependent tim- 
ing, independent timing is also incorporated as an 
example. The use of dependent timing can be seen back 
jn Figure 34, where timing for IR2 through IR4 uses the 
IR1 pulse as reference. Each one of the 8253 #2 counters 
will generate an interrupt request a specific amount of 
times after the IR1 interrupt request occurs. When using 
the dependent method, as in this case, the IR2 through 
IR4 requests must occur before the next IR1 request, 
independent timing is used to control the IRO interrupt 
request. Note that its timing isn’t controlled by any of 
the other IR requests. In this timer controlled interrupt 
configuration the dependent timing is initially set to be 
self running and the independent timing is software 
initialized. However, both methods can work either way 
by using the various 8253 modes to generate the same 
interrupt timing. 

p ' 

The 8259A processes the interrupts generated by the 
8253’s according to how it is programmed. In this appli- 
cation it is programmed to, operate in the edge triggered 
mode, MCS-86/88 mode, and automatic EOI mode. In the 
edge triggered mode an interrupt request on an 8259A 


IR input becomes active on the rising edge. With this in 
mind, Figure 35 shows that IRO will generate an inter- 
rupt every half second and IR1 through IR4 will each 
generate an interrupt every 2 seconds spaced apart at 
hklf second intervals. Interrupt vectoring in the 
MCS-86/88 mode is programmed so IRO, when activated, 
will select interrupt type 72. This means IR1 will select 
interrupt type 73, IR2 interrupt type 74, and so on 
through IR4. Since IR5 through IR7 aren’t used, they are 
masked off. This prevents the possibility of any acci- 
dental interrupts and rids the necessity to tie the 
unused IR inputs to a steady level. Figure 36 shows the 
8259A IR levels (IRO- 1 R4) with their corresponding inter- 
rupt type in the 8086 interrupt-vector table. Type 77 in 
the table is selected by a software “I NT” instruction 
during program execution. Each type is programmed 
with the necessary, code segment and instruction 
pointer values for vectoring to the appropriate service 
routine. Since the 8259A is programmed in the auto- 
matic EOI Mode, it doesn’t require an EOI command to 
designate the completion of the service routine. 



Figure 36. Interrupt “Type” Designation 
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As mentioned earlier, the interrupt service routines in 
this application are used merely to demonstrate the 
timer controlled interrupt scheme, not to implement a 
particular design. Thus a service routine simply displays 
the number of its interrupting level on the SDK-86 dis- 
play panel. The display panel is controlled by the 8279 
Keyboard and Display Controller. It is initialized to 
display “Ir” in its two left-most digits during the entire 
display sequence. When an interrupt from IR1 through 
IR4 occurs the corresponding routine will display its IR 
number via the 8279. During each IR1 through IR4 serv- 
ice routine a software “INT77” instruction is executed. 
This instruction vectors program execution to the serv- 
ice routine designated by type 77, which sets the 8253 
counter controlling IRO so it will cause an interrupt in 
250 ms. When the IRO interrupt occurs its routine will 
turn off the digit displayed by the IR1 through IR4 
routines. Thus each IR level (IR1-IR4) will be displayed 
for 250 ms followed by a 250 ms off time caused by IRO. 
Figure 37 shows the dntire display sequence of the 
timer controlled interrupt application. 



Figure 37. SDK Display Sequence for Timer Controlled Interrupts 
Program (Each Display Block Shown is 250 msec 
in Duration) 

Now that we’ve covered the operation, let’s move on to 
the program flow and structure of the timer controlled 
interrupt program. The program flow is made up of an 
initialization section and six interrupt service routines. 
The initialization program flow is shown in Figure 38. It 
starts by initializing some of the 8086’s registers for pro- 
gram operation; this includes the extra segment, data 
segment, stack segment, and stack pointer. Next, by 
using the extra segement as reference, interrupt types 
72 through 77 are set to vector interrupts to the appro- 
priate routines. This is done by moving the code seg- 
ment and instruction pointer values of each service 
routine into the corresponding type location. The 8253 
counters are then programmed with the proper mode 
and count to provide the interrupt timing mentioned 
earlier. All counters with the exception of the 8253 #1, 
counter 1 are fully initialized at this point and will start 
counting. Counter 1 of 8253 #1 starts counting when its 
counter is loaded during the “INTR77” service routine, 
which will be covered shortly. Next, the 8259A is issued 
ICW1, ICW2, ICW4, and OCW1. The ICWs program the 


8259A for the edge triggered mode, automatic EOI 
mode, and the proper interrupt vectoring (IRO, type 72). 
OCW1 is used to mask off the unused IR inputs 
(IR5-IR7). The 8279 is then set to display “IR” on its two 
left-most digits. After that the 8086 enables interrupts 
and a “dummy” main program is executed to wait for in- 
terrupt requests. 



Figure 38. Initialization Program Flow for Timer Controlled Interrupts 

There are six different interrupt service routines used in 
the program. Five of these routines, “INTR72” through 
“INTR76”, are vectored to via the 8259A. Figure 39A-C 
shows the program flow for all six service routines. Note 
that “INTR73” through “INTR76” (IR1-IR4) basically use 
the same flow. These four similar routines display the 
number of its interrupting IR level on the SDK-86 display 
panel. The “INTR77” routine is vectored to by software 
during each of the previously mentioned routines and 
sets up interrupt timing to cause the “INTR72” (IRO) 
routine to be executed. The “INTR72” routine turns off 
the number on the SDK-86 display panel. 



A INTERRUPT ON B. INTERRUPT ON C. SOFTWARE INVOKED 

8259 A IRO 8259A IR1-IR4 INTERRUPT 


Figure 39. A-C. Interrupts Service Routine Flow for 
Timer Controlled Interrupts. 
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To best explain how these service routines work, let’s 
assume an interrupt occurred on IR1 of the 8259A. The 
associated service routine for IR1 is “INTR73”. Entering 
“INTR73”, the first thing done is saving the pre-interrupt 
program status. This isn’t really necessary in this pro- 
gram since a “dummy”jjiain program is being executed; 
however, it is done as an example to show the operation. 
Rather than having code for saving the registers in each 
separate routine, a mutual call routine, “SAVE”, is used. 
This routine will save the register status by pushing it 
on the stack. The next portion of “INTR73” will display 
the number of its IR level, “1”, in the first digit of the 
SDK-86 display panel. After that, a software INT instruc- 
tion is executed to vector program execution to the 
“INTR77” service routine. The “INTR77” service routine 
simply sets the 8253 #1 counter 1 to cause an interrupt 
on IRO in 250 ms and then returns to “INTR73”. Once 
back in “INTR73”, the pre-interrupt status is restored by 
a call routine, “RESTORE”. It does the opposite of 
“SAVE”, returning the register status by popping it off 
the stack. The “INTR73” routine then returns to the 
“dummy ” main program. The flow for the “INTR74” 
through “INTR76” routines are the same except for the 
digit location and the IR level displayed. 


After 250 ms have elapsed, counter 1 of 8253 #1 makes 
an interrupt request on IRO of the 8259A. This causes 
the “INTR72” service routine to be executed. Since this 
routine interrupts the main program, it .also uses the 
“SAVE” routine to save pre-interrupt program status. It 
then turns off the digit displaying the IR level. In the 
case of the “INTR73” routine, the “1” is blanked out. 
The pre-interrupt status is then restored using the , 
“RESTORE” routine and program execution returns to 
the “dummy” main program. 

The complete program for the timer controlled inter- 
rupts application is shown in Appendix B. The program 
was executed in SDK-86 RAM starting at location 0500H 
(code segment = 0050, instruction pointer =0). 

CONCLUSION 

This application note has explained the 8259A in detail 
and gives three applications illustrating the use of some 
of the numerous programmable features available. It 
should be evident from these discussions that the 
8259A is an extremely flexible and easily programmable 
member of the Intel® MCS-80, MCS-85, MCS-86, and 
MCS-88 families. ' / 



APPENDIX A 


This table is provided merely for reference information between the “Operation of the 8259A” and “Programming the 
8259 A” sections of this application note. It shouldn’t be used as a programming reference guide (see “Programming 
the 8259A”). 


Operational 

Command 


Description 

Words 

Bits 

MCS-80/85 Mode 

ICW1, ICW4* 

IC4, n PM* 

Address Interval for MCS-80/85 Mode 

ICW1 

ADI 

Interrupt Vector Address for MCS-80/85 Mode 

ICW1, ICW2 

A5-A15 

MCS-86/88 Mode 

ICW1, ICW4 

IC4, n PM 

Interrupt Vector Byte for MCS-86/88 Mode 

ICW2 

T3-T7 

Fully Nested Mode 

OCW-Default 

— 

Non-Specific EOI Command 

OCW2 

EOI 

Specific EOI Command 

OCW2 

SEOI, EOI, 
LO-L2 

Automatic EOI Mode 

ICW1, ICW4 

IC4, AEOI 

Rotate On Non-Specific EOI Command 

OCW2 

EOI 

Rotate In Automatic EOI Mode 

OCW2 

. R, SEOI, EOI 

Set Priority Command 

OCW2 

L0-L2 

Rotate on Specific EOI Command 

OCW2 

R, SEOI, EOI 

Interrupt Mask Register 

OCW1 

M0-M7 

Special Mask Mode 

OCW3 

ESMM-SMM 

Level Triggered Mode 

ICW1 

LTIM 

Edge Triggered Mode 

ICW1 

LTIM 

Read Register Command, IRR 

OCW3 

ERIS, RIS 

Read Register Command, ISR 

OCW3 

ERIS, RIS 

Read IMR 

OCW1 

M0-M7 

Poll Command 

OCW3 

P 

Cascade Mode 

ICW1, ICW3 

SNGL, SO-7, 
IDO-2 

Special Fully Nested Mode 

ICW1, ICW4 

IC4, SFNM 

Buffered Mode 

ICW1, ICW4 

IC4, BUF, 
M/S 


‘Only needed if ICW4 is used for purposes other than p P mode set 
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MCS-86 ASSEMBLER TCI59A 


ISIS-II MCS-36 ASSEMBLER VI 8 ASSEMBLY OF MODULE TCI59A 
OBJECT MODULE PLACED IN :Fl:TCI59flL OBJ 


ASSEMBLER INVOKED BY: 

:F1:ASMS6 

:FUCI59A. SRC 

LOC OBJ 

LINE 

SOURCE 


1 

2 

} i^m**wmm******* TIMER CONTROLLED INTERRUPTS ****************^* 


3 /, 

4 ; 



5 

c 

i 


EXTRA SEGMENT DECLARATIONS 

— 

0 

7 

8 
9 

EXTRA SEGMENT 



0120 


ORG 

128H 


0120 0401 

10 

TP72IP 

DU 

INTR72 

; TVPE 72 INSTRUCTION POINTER 

8122 ???? 

11 

TP72CS 

DU 

? 

i TYPE 72 CODE SEGMENT 

0124 1801 

12 

TP73IP 

DU 

INTR73 

iTYPiE 73 1NS1RUCTIUN POINTER 

0126 ???? 

13 

TP73CS 

DU 

? 

> TYPE 73 CODE SEGMENT 

0128 3001 

14 

TP74IP 

DU 

INTR74 

; TYPE 74 INSTRUCTION POINTER 

812A ???? 

15 

TP74C5 

DM 

? 

, TYPE 74 CODE SEGMENT 

012C 4801 

16 

TP75IP 

DU 

INTR75 

j TYPE 75 INSTRUCTION POINTER 

012E ???? 

17 

TP75CS 

DU 

? 

; TYPE 75 CODE SEGMENT 

0130 6001 

18 

TP76IP 

DU 

INTR76 

/TYPE 76 INSTRUCTION POINTER 

8132 ???? 

19 

TP76CS 

DM 

? 

/TYPE 76 CODE SEGMENT 

8134 7881 

28 

TP77IP 

DU 

INTR77 

/TYPE 77 INSTRUCTION POINTER 

8136 ???? 

21 

TP77CS 

DU 

9 

;TVPE 77 CODE SEGMENT 


22 

; 




- — 

23 

EXTRA ENDS 




24 

i 





25 

> 


DATA SEGMENT DECLARATIONS 


26 

> 




— 

27 

DATA 

SEGMENT 




28 





0000 ???? 

29 

STACK1 

DU 

n 

/VARIABLE TO SAVE CALL ADDRESS 

8002 7777 

38 

fiXTEMP 

DU 

9 

i VARIABLE TO SAVE AX REGISTER 

0884 ?? 

31 

DIGIT 

DB 

? 

/VARIABLE TO SAVE SELECTED DIGIT 


32 





— 

33 

DATA 

ENDS 




, 34 

} 





35 

i 


CODE SEGMENT DECLARATION 


36 

} 




— 

37 

CODE 

SEGMENT 




38 

i 





39 

ASSUME 

ES : EXTRA/ DS : DATA.* CS : CODE 


40 

; 





41 

/ 


INITIALIZE REGISTERS 


42 





0000 B80080 

43 

START: 

MOV 

AX/8H 

/ EXTRA SEGMENT AT 0H 

0003 8EC0 

44 


MOV 

ES/AX 


0005 B87008 

45 


MOV 

AX/78H 

iDATfi SEGMENT AT 708H 

8808 8ED8 

46 


MOV 

DSAX 


&00A B87800 

47 


MOV . 

AX,?8H 

/STACK SEGMENT AT 788H 

080D 8ED8 

48 


MOV 

SS/AX 


000F BC8860 

49 


MOV 

SP/S0H 

/STACK POINTER AT 80H ($TfiCK=800l 


PAGE 
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APPENDIX B (continued) 


HCS-86 ASSEMBLER 

TCI59A 





LOG OBJ 

LINE 

SOURCE 





58 

j 





51 



LOAD INTERRUPT VECTOR TABLE 


52 





0812 BS0481 

53 

TYPES. 

MOV 

AX, OFFSET UNTR72) 

•LOAD TYPE i'2 

0015 2GH32001 

54 


MOV 

TP72IP, AX 


0019 268C0E2201 

55 


MOV 

TP72CS, CS 


001E B81861 

56 


MOV 

AX, OFFSET (INTR73) 

, LOAD TYPE 72 

8021 26A32401 

57 


MOV 

TP73IP, AX 


0025 268C8E2601 

58 


MOV 

TP73CS.-US 


002A 682001 

59 


MOV 

AX, OFFSET <INTR74> 

; LOAD TYPE 74 

802D 26A32801 

60 


MOV 

TP74IP, AX 


0831 268C0E2B01 

61 


MOV 

TP74CS,CS 


8026 mm 

62 


MOV 

AX, OFFSET (INTR75) 

: LORD TYPE 75 

8039 26A32CB1 

63 


MOV 

TP75IP, AX 


083D 268C0E2E01 

64 


MOV 

TP75CS, CS 


8042 B86001 

65 


MOV 

AX, OFFSET (INTR76.) 

; LOAD TYPE 76 

8045 26033001 

66 


MOV 

TP76IP, AX 


0849 268C0E2281 

67 


MOV 

TP76CS, CS 


804E B87881 

68 


MOV 

AX, OFFSET (INTR77) 

; LOHD TYPE 77 

0051 26(133401 

69 


MOV 

TP77IP, AX 


8055 268C0E3681 

78 


MOV 

f P77CS, CS 



71 






72 



8253 INITIALIZATION 



73 

i 




005R BA0EFF 

74 

SET521 : 

MOV 

DX, 8FF8EH 

;8252 #1 CONTROL WORD 

805B B036 

75 


MOV 

AL, 36H 

• COUNTER 8, MODE 3, BINARY 

005F EE 

76 


OUT 

DX, AL 


0068 B0?1 

77 


MOV 

AL.71H 

COUNTER 1, MODE 0, BCD 

0062 EE 

78 


our 

DX, AL 


0063 B0B5 

79 


MOV 

AL, 8B5H 

; COUNTER 2. MODE 2, BCD 

8065 EE 

88 


OUT 

DX, AL 


0866 BA08FF 

81 


MOV 

DX, 8FF08H 

;LGAD COUNTER 8 (10MS) 

0869 B0R8 

82 


MOV 

AL, 8A8H 

; LSB 

886B EC 

83 


OUT 

DX, AL 


806C B061 x 

84 


MOV 

AL, 61H 

MSB 

086E EE 

85 


OUT 

DX, AL 


806F BA8CFF 

86 


MOV 

DX, 8FF0CH 

■>UM> COUNTER 2 <2SEC) 

8072 B800 

87 


MOV 

AL, 80H 

LSB 

8874 EE 

88 


OUT 

DX, AL 


8875 B882 

89 


MOV 

AL, 02H 

;MSB 

0077 EE 

90 


our 

DX,AL 


8078 BA16FF 

91 

SET532: 

MOV 

DX, 0FF16H 

; 8253 #2 CONTROL WORD 

807B B83B 

92 


MOV 

AL, 2BH 

; COUNTER 0, MODE 5, BCD 

007D EE 

93 


OUT 

DX, AL 


087E B87B 

94 


MOV 

AL, 7BH 

; COUNTER 1, MODE 5, BCD 

8088 EE 

95 


OUT 

DX, AL 


0081 B0BB 

96 


MOV 

RL, 8BBH 

; COUNTER 2, MODE 5, BCD 

8883 EE 

97 


OUT 

DX, AL 


0084 BA18FF 

98 


MOV 

DX, 0FF10H 

;LOAD COUNTER 8 <. 5SEC) 

0887 B050 

99 


MOV 

AL, 50H 

; LSB 

0889 EE 

100 


OUT 

DX, AL 


808A B080 

101 


MOV 

AL,80H 

iMSB 

088C EE 

182 


OUT 

DX, AL 


808D BA12FF 

103 


MOV 

DX, 8FF12H 

.5 LORD COUNTER 1 (1SEO 

0898 B080 

104 


MOV 

AL, 08H 

,LSB 


FflGE 2 
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APPENDIX B (continued) 


ICS-86 ASSEMBLER 

TCI59fi 

- 



LOG OBJ 

LINE 

SOURCE 



8092 EE 

185 

‘ OUT 

DX#RL, 


8893 8881 

186 

MOV 

RL81H 

# MSB 

8895 EE 

107 

OUT 

DX# RL 


8896 BR14FF 

108 

MOV 

DK,8FF14H 

;LGRD COUNTER 2 <1 5SED 

8899 8858 

109 

MOV 

AL50H 

; LS8 

889B EE 

118 

OUT 

DX#a 


8890 B881 

111 

MOV 

RL81H 

; MSB 

809E EE 

112 

an 

DX# RL 



113 





114 

; 

8259ft INITIRLI2RTI0N 



115 

i 



889F BABBFF 

116 

SET59A: MOV 

DX# 8FF80H 

# 8259R R8-0 

0082 8813 

117 

MOV 

RL13H 

# 1CW1-L TIM-8* S=l* 104—1 

0884 EE 

118 

OUT 

DX,RL 


80fi5 BH82FF 

119 

MOV 

DX.8FF02H 

; 8259A R0=1 

08R8 B848 

128 

MOV 

a, 48H 

; I CW2- INTERRUPT TYPE 72 <128H) 

mm EE 

121 

OUT 

OX# RL 


88AB 8083 

122 

MOV 

RL# 83H 

# ICW4-SFNH=8# BUT=8# RE0I=1# MPM=1 

mm EE 

123 

OUT 

ox# a 


B0RE B0E8 

124 

MOV 

a#8E9H 

# QCW1-MRSK IRS# 6 # 7 (NOT USED) 

00B0 EE 

125 

OUT 

DX-RL 



126 

; 




127 


8279 INITIAL I2ATI0N 



128 

# 



08B1 BAEAFF 

129 

5ET79: MOV 

OX# 0FFERH 

; 8279 COMMAND WORDS RNO STATUS 

0084 B0D8 

• 130 

MOV 

AL0D0H 

# CLEAR DISPLAY 

88B6 EE 

131 

OUT 

OX# RL 


00B7 EC 

132 

WRIT79: IN 

a# ox 

# READ STATUS 

80B8 D6C0 

133 

POL 

a#i 

# W BIT TO CARRY 

80BR 72FB 

134 

JB 

WRIT79 

i JUMP IF DISPLAY IS UNAVAILABLE 

80BC 8087 

135 

MOV 

a# 87H 

; DIGIT 8 

80BE EE 

136 

OUT 

OX# RL 


0BBF BAESFF 

137 

MOV 

OX# 8FFE8H 

#8279 DATA WORD 

B0C2 6006 

138 

MOV 

a#86H 

# CHARACTER "1" 

08C4 EE 

139 

OUT 

DX#RL 


B0C5 BRERFF 

148 

MOV 

OX# 8FFERH 

#8279 COMMAND WORD 

8808 B086 

141 

MOV 

AL86H 

i DIGIT 7 

00Cft EE 

142 

air 

OX# RL 


08CB BRE8FF 

143 

MOV 

OX# 8FFE8H 

! 8279 DATA WORD 

80CE B058 

144 

MOV 

RL#50H 

.•CHARACTER ,, R H 

0006 EE 

145 

OUT 

ox# a 


00D1 FB 

146 

STI 


# ENABLE INTERRUPTS 


147 





148 

; 




149 

; 

DUMMV PROGRAM 



150 




00D2 EBFE 

151 

DUMMY JMP 

DUMMY 

# WAIT FOR INTERRUPT 


152 





153 




80D4 030200 

154 

SAVE ' MOV 

fiXTEMP# RX 

; SAVE RX 

80D7 58 

155 

POP 

RX 

;POP CALL RETURN ADDRESS 

0008 030080 

156 

MOV 

STflCKl# RX 

# SAVE CRLL RETURN ADDRESS 

8808 010208 

157 

MOV 

AfcflXTEHP 

; RESTORE RX 

880E 58 

158 

PUSH 

RX 

•SAVE PROCESSOR STATUS 

80OF 53 

159 

PUSH 

BX 

~ 
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APPENDIX B (continued) 


MCS-86 ASSEMBLER 

TCI59A 



LOC OBJ 

LINE 

SOURCE 


08E0 51 

160 

PUSH 

CX 

80E1 52 

161 

PUSH 

DX 

80E2 55 

162 

PUSH 

BP 

80E3 56 

163 

PUSH 

SI 

80E4 57 

164 

PUSH 

DI 

00E5 IE 

165 

PUSH 

DS 

00E6 86 

166 

PUSH 

ES 

00E7 A10088 

167 

MOV 

AX/STACK1 

00EA 58 

168 

PUSH 

AX 

00EB C3 

169 

RET 



170 



00EC 58 

171 

RESTOR: POP 

AX 

00ED A30080 

172 

MOV 

STACKLAX 

00F0 87 

173 

POP 

ES 

00F1 IF 

174 

POP 

DS 

80F2 5F' 

175 

POP 

DI 

00FZ< 5E 

176 

POP 

SI 

80F4 5D 

177 

POP 

BP 

00F5 5A 

178 

POP 

DX 

80F6 59 

179 

POP 

CX 

00F7 5B 

188 

POP 

BX 

80F8 58 

181 

POP 

AX 

00F9 A38200 

182 

MOV 

AXTEMP..AX 

00FC A10008 

183 

MOV 

AX/STACK1 

80FF 50 

184 

PUSH 

AX 

0100 A10280 

185 

MOV 

AX/AXTEMP 

0103 C3 

186 

RET 



187 




188 




189 


INTERRUPT 


190 



8104 E8CDFF 

191 

INTR72: CALL 

SAVE 

0187 BAEAFF 

192 

MOV 

DX/OFFEAH 

010A A00408 

193 

MOV 

AL DIGIT 

810D EE 

194 

OUT 

DX/AL 

810E BAE8FF 

195 

MOV 

DX..0FFE8H 

8111 B000 

196 

MOV 

AL00H 

0113 EE 

197 

OUT 

DX/AL 

8114 E8D5FF 

198 

CALL 

RESTOR 

0117 CF 

199 

IRET 



280 




201 

i 



202 

} 

INTERRUPT 


203 

* 


8118 E8B9FF 

284 

INTR73 ' CALL 

SAVE 

011B BAEAFF 

285 

MOV 

DX/8FFEAH 

011E B080 

206 

MOV 

AL/88H 

0120 A20480 

207 

MOV 

DIGIT/ AL 

0123 EE 

208 

OUT 

DX/AL 

0124 BAE8FF 

209 

MOV ' 

DX/8FFE8H 

8127 B086 

210 

MOV 

AL/06H 

0129 EE 

211 

OUT 

DX/AL 

012A CD4D 

212 

INT 

77 

812C E8BDFF 

213 

CALL 

RESTOR: 

812F CF 

214 

IRET 



PRGE 4 


..RESTORE CALL RETURN ADDRESS 
; PUSH CALL RETURN ADDRESS 


iPOP CALL RETURN ADDRESS 
/SAVE CALL RETURN ADDRESS 
/RESTORE PROCESSOR STATUS 


;SAVE AX 

; RESTORE CALL RETURN ADDRESS 
/PUSH CALL RETURN ADDRESS 
i RESTORE AX 


72/ CLEAR DISPLAY/ IR0 8259A 

■ ROUTINE TO SAVE PROCESSOR STATUS 
; 8279 COlflAND WORD 
SELECTED LED DIGIT 

;8279 DATA 
/BLANK OUT DIGIT 

; ROUTINE TO RESTORE PROCESSOR STATUS 
/RETURN FROM INTERRUhl 


73/ IR1 8259A 

ROUTINE TO SAVE PROCESSOR STATUS 
/ 8279 COMMAND WORD 
/LED DISPLAY DIGIT 1 


/ 8279 DATA 
/CHARACTER "1“ 

/TIMER DELAY FOR LED ON TIME 
/ROUTINE TO RESTORE PROCESSOR STATUS 
/RETURN FROM INTERRUPT 
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APPENDIX B (continued) 


MCS-86 ASSEMBLER , TCI 59ft 


LOC OBJ 

LINE . 

SOURCE 




215 

; 




216 

} 

, 



217 

i 

INTERRUPT 74, IR2 8259ft 



218 




8138 ESfilFF 

219 

INTR74- CALL 

SAVE 

; ROUTINE TO SAVE PROCESSOR S'lftTUS 

0133 BftEftFF 

228 

MOV 

DX, 0FFEAH 

; 8279 COMMAND WORD 

0136 B081 

221 

MOV 

ftL. 81H 

; LED DISPLAY DIGIi 2 

0138 028480 

222 

MOV 

DIGIT. flL 


013B EE 

223 

OUT 

DX- ftL 


813C BAE8FF 

224 

MOV 

DX, 0FFE8H 

i 8279 Dfilfl 

813F B05B 

225 

MOV 

ftLSBIi 

CHfiRfiCTER "2" 

0141 EE 

226 

OUT 

• DX, ftL 


8142 CD4D 

227 

INT 

77 

; TIMER DELAY FOR LED ON TIME 

0144 E8R5FF 

228 

CALL 

RESTOR 

; ROUTINE TO RESTORE PROCESSOR SlfiTUS 

0147 OF 

229 

IRE1 


RETURN FROM INTERRUPT 


238 

i 




231 





232 

i 

INTERRUPT 75, IR3 8259ft 



233 




0148 E889FF 

234 

INTR75: CfiLL 

SAVE 

> ROUTINE TO SAVE PROCESSOR STATUS 

014B BHEfiFF 

235 

MOV 

DX, BFFEftH 

i 8273 COMMAND WORD 

814E B082 

236 

MOV 

fiL, 82H 

> LED DISPLAY DIGIT 3 

8156 020480 

237 

MOV 

DIGIT, fiL 


8153 EE 

238 

OUT 

DX,flL r > 


0154 BAE8FF 

239 

MOV 

DX, 8FFE8H 

,8278 DATA 

0157 B84T 

248 

MOV 

fiL, 4FH 

CHARACTER "3” 

0159 EE 

241 

OUT 

DX,fiL 


815ft CD4D 

242 

INT 

77 

; TIMER DELAY FOR LED ON TIME 

015C E88DFF 

243 

CfiLL 

RESTOR 

ROUTINE TO RESTORE PROCESSOR STATUS 

815F CF 

244 

IRET 


; RETURN FROM INTERRUPT 


245 

i 




246 

i 




247 

, 

INTERRUPT 76, IR4 8259ft 


i 

248 




0168 E871FF 

249 

INTR76 ■ CfiLL 

SAVE 

; ROUTINE TO SAVE PROCESSOR STATUS 

8163 BftEftFF 

258 

MOV 

' DX, 8FFEAH ’ 

i 8279 COMMAND WORD 

8166 B883 

251 

MOV 

flL, 83H 

;LED DISPLAY DIGIT 4 

8168 R28400 

252 

MOV 

DIGIT, flL 


8168 EE 

253 

OUT 

DX, fiL 


016C BftESFF 

254 

MOV 

DX, 8FFE8H 

; 8279 DATA 

016F B066 

255 

MOV 

■ flL, 66H 

i CHARACTER "4" 

8171 EE 

256 

OUT 

DX, flL 


8172 cm 

257 

INT 

77 

i TIMER DELAY FOR LED ON TIME 

8174 E875FF 

258 

CfiLL 

RESTOR 

; ROUTINE TO RESTORE PROCESSOR SlfiTUS 

8177 CF 

259 

IRET 


; RETURN FROM INTERRUPT 


268 

; 


k 


261 

; 




262 

i 

INTERRUPT ?7, TIMER DELHV, SOFTWARE CONTROLLED 


263 

} 



0178 BftBflFF 

264 

INTR77 : MOV 

DX, 8FF0RH 

LOAD COUNTER 1 8253 #1 <258 MSEC) 

817B 6025 

265 

MOV 

AL,25H 

-i LSB 

8170 EE 

266 

OUT 

DX, fiL 


017E B800 

267 

MOV 

fiL, 80H 

; MSB 

8180 EE 

268 

OUT 

DX, fiL 


8181 CF 

269 

IRET 


; RETURN FROM INTERRUPT 


PfiGE 
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APPENDIX B (continued) 


MCS-86 ASSEMBLER TCI 59ft 


PAGE 6 


LOC OBJ 


LINE SOURCE 


278 . 

271 i 

272 CODE ENDS; 

273 t 

274 ; 

275 END START 


SVMBOL TABLE LISTING 


NAME 

TVPE 

VALLE 

ATTRIBUTES 

??SEG . 

SEGMENT 


SI2E=0800R PARA 

AXTEMP 

V WORD 

8882H 

DATA 

CODE 

SEGMENT 


S1ZE=0182H PARA 

DATA 

SEGMENT 


SI2E=0005H PARA 

DIGIT . 

V BVTE 

8884H 

DATA 

dumhv . 

L NEAR 

88D2H 

CODE 

EXTRA 

SEGMENT 


SIZE=0138H PARA 

INTR72 

L NEAR 

8184H 

CODE 

INTR73 

L NEAR 

01181-1 

CODE 

INTR74 

L NEAR 

8138H 

CODE 

\ INTR75 

L NEAR 

0148H 

CODE 

INTR76, 

L NEAR 

8168H 

CODE 

INTR77 

L NEAR 

0178H 

CODE 

RESTOR 

L NEAR 

08ECH 

CODE 

SAVE. 

L NEAR 

08D4H 

CODE 

SET531 

L NEAR 

005AH 

CODE 

SET532. 

L NEAR 

8078H 

CODE 

SET59A 

L NEAR 

009FH 

CODE 

SET79 

L NEAR 

88B1H 

CODE 

STACK1 

V WORD 

0000H 

DATA 

STRRT . 

L NEAR 

0080H 

cboE 

TP72CS 

V WORD 

0122H 

EXTRH 

TP72IP 

V WORD 

8128H 

EXTRA 

TP73CS. 

V WORD 

8126H 

EXTRA 

TP73IP. 

V WORD 

0124H 

EXTRA 

TP74CS 

V WORD 

812AH 

EXTRA 

TP74IP. 

V WORD 

8128H 

EXTRA 

TP75CS 

V WORD 

812EH 

EXTRA 

TP75IP. 

V WORD 

012CH 

EXTRA 

TP76CS. 

V WORD 

0132H 

EXTRA 

TP76IP 

V WORD 

0138H 

EXTRA 

TP77CS. 

V WORD 

0136H 

EXTRA 

TP77IP 

V WORD 

8134H 

EXTRA 

TVPES 

L NEAR 

0812H 

CODE 

WAIT79 

L NEAR 

08B7H 

CODE 


PUBLIC 


ASSEMBLV COMPLETE. NO ERRORS FOUND 
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iAPX 86, 88, 186, 188 
Microprocessors 





iAPX 86/10 

16-BIT HMOS MICROPROCESSOR 

8086 / 8086 - 2 / 8086-1 


■ Direct Addressing Capability 1 
MByte of Memory 

■ Architecture Designed for Powerful 
Assembly Language and Efficient 
High Level Languages. 

■ 14 Word, by 16-Bit Register Set with 
Symmetrical Operations 

■ 24 Operand Addressing Modes 

■ Bit, Byte, Word, and Block Operations 

■ 8 and 16-Bit Signed and Unsigned 

The Intel iAPX 86/10 high performance 16-bit CPU is available in three clock rates: 5, 8 and 10 MHz. The CPU is 
implemented in N-Channel, depletion load, silicon gate technology (HMOS), and packaged in a 40-pin CerDIP package. 
The iAPX 86/10 operates in both single processor and multiple processor configurations to achieve high performance 
levels. 


Arithmetic in Binary or Decimal 
Including Multiply and Divide 

■ Range of Clock Rates: 

5 MHz for 8086, 

8 MHz for 8086-2, 

10 MHz for 8086-1 

■ MULTIBUS™ System Compatible 
Interface 

■ Available in EXPRESS 

- Standard Temperature Range 

- Extended Temperature Range 



Vcc 


Figure 1. iAPX 86/10 CPU Block Diagram 



40 LEAD 


Figure 2. iAPX 86/10 Pin Configuration 
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Table 1. Pin Description 

The following pin function descriptions are for iAPX 86 systems in either minimum or maximum mode. The “ Local 

Bus” in these descriptions is the direct multiplexed bus interface connection to the 8086 (without regard to additional 

bus buffers). 

Symbol Pin No. Type Name and Function 

AD 15 -AD 0 2-16, 39 I/O Address Data Bus: These lines constitute the ti me m ultiplexed memory/IO address (T-|) 

and data (T 2 , T 3 , Tw, T 4 ) bus. Aq is analogous to BHE for the lower byte of the data bus, 
pins D 7 -D 0 . It is LOW during T-i when a byte is to be transferred on the lower portion of 
the bus in memory or I/O operations. Eight-bit oriented devices tied to the lower half 
would normally use A 0 to condition chip select functions. (See BHE.) These lines are 
active HIGH and float to 3-state OFF during interrupt acknowledge and local bus “hold 
acknowledge.” 

A 19 /S§, 35-38 O Address/Status: During Ti these are the four most signi- 

A 18 /S 5 , ficant address lines for memory operations. During I/O 

A-17/S4, operations these lines are LOW. During memory and I/O r— — — r- • -1 

A 16 /S 3 operations, status information is available on these — — li-i. — a - rac !—- .— 

lihes during T 2 ,T 3 ,T W , and T 4 . The status of the interrupt o<low) 0 Alternate Data 

enable FLAG bit (S 5 ) is updated at the beginning of each ° (HIGH) J codtor None 

CLK cycle. A 17 /S 4 and A^qIS^ are encoded as shown. 1 1 Data 

S0 is 0 

This information indicates which relocation register is (low) 
presently being used for data accessing. 

These lines float to 3-state OFF during local bus “hold 
acknowledge.” 

BHE/S 7 34 O Bus Hi gh En able/Status: During Ti the bus high enable 

signal (BHE) should be used to enable data onto the ^ 

most significant half of the data bus, pins D-is-Dg. Eight- bhF Ao~j characteristics 

bit oriented devices tied to the upper half of the bus ~ ~ Wh 0 i ew ord 

would norm ally use BHE to condition chip select func- 0 1 upper byte from/ 

tions. BHE is LOW during T-j for read, write, and inter- to odd address 

rupt acknowledge cycles when a byte is to be transfer- 1 0 Lower byte from/ 

red on the high portion of the bus. The S 7 status informa- to even address 

tion is available during T 2 , T 3 , and T 4 . The signal is active - L 1 '.,] 

LOW, and floats to 3-state OFF in “hold.” It is LOW dur- 
ing T-, for the first interrupt acknowledge cycle. 

"RD 32 O Read: Read strobe indicates that the processor is performing a memory of I/O read cy- 

cle, depending on the state ofjhe S 2 pin. This signal is used to read devices which 
reside on the 8086 local bus. RD is active LOW during T 2 , T 3 and T w of any read cycle, 
and is guaranteed to remain HIGH in T 2 until the 8086 local bus has floated. 

This signal floats to 3-state OFF in “hold acknowledge.” 

READY 22 I READY: is the acknowledgement from the addressed memory or I/O device that it will 

complete the data transfer. The READY signal from memory/IO is synchronized by the 
8284A Clock Generator to form READY. This signal is active HIGH. The 8086 READY in- 
put is not synchronized. Correct operation is not guaranteed if the setup and hold 
times are not met. 

INTR 18 I Interrupt Request: is a level triggered input which is sampled during the last clock cy- 

cle of each instruction to determine if the processor should enter into an interrupt 
acknowledge operation. A subroutine is vectored to via an interrupt vector lookup table 
located in system memory. It can be, internally masked by software resetting the inter- 
rupt enable bit. INTR is internally synchronized. This signal is active HIGH. 

TEST 23 I TEST: input is examined by the “Wait” instruction. If the TEST input is LOW execution 

continues, otherwise the processor waits in an “Idle” state. This input is synchronized 
internally during each clock cycle on the leading edge of CLK. 


BHE 

Ao 

Characteristics 

0 

0 

Whole word 

0 

1 

Upper byte from/ 
to odd address 

1 

0 

Lower byte from/ 
to even address 

1 

1- 

None 


3-2 





iAPX 86/10 


intel 


Table 1. Pin Description (Continued) 

Type Name and Function 

I Non-maskable interrupt: an edge triggered input which causes a type 2 interrupt. A 
subroutine is vectored to via an interrupt vector lookup table located in system 
memory. NMI is not maskable internally by software. A transition from a LOW to HIGH 
initiates the interrupt at the end of the current instruction. This input is internally syn- 
chronized. 

I Reset: causes the processor to immediately terminate its present activity. The signal 
must be active HIGH for at least four clock cycles. It restarts execution, as described in 
the Instruction Set description, when RESET returns LOW. RESET is internally syn- 
chronized. 

I Clock: provides the basic timing for the processor and bus controller. It is asymmetric 
with a 33% duty cycle to provide optimized internal timing. 

Vcc : + 5V power supply pin. 

Ground 

I Minimum/Maximum: indicates what mode the processor is to operate in. The two 
modes are discussed in the following sections. 

The following pin function descriptions are for the 8086/8288 system in maximum mode (i.e., MN/MX- V ss ). Only the 
pin functions which are unique to maximum mode are described; all other pin functions are as described above. 

S 2 , Si, So 26-28 0 Status: active during T 4 , T 1f and T 2 and is returned to the 

passive state (1,1,1) during T 3 or during Tw when READY 
is HIGH. This status is used by the 8288 Bus Controller 
to generate all nnemory and I/O access control signals. 

Any change by S 2 , or So during T 4 is used to indicate 
the beginning of a bus cycle, and the return to the pas- 
sive state in T 3 or T w is used to indicate the end of a bus 
cycle. 

These signals float to 3-state OFF in “hold acknowl- 
edge.” These status lines are encoded as shown. 

RQ/GTq, 30, 31 I/O Request/Grant: pins are used by other local bus masters to force the processor to 

RQ/GT-i release the local bus at_the end of the processor’s current bus cycle. Each pin is 

bidirectional with RQ/GT 0 having higher priority than RQ/GT-|. RQ/GT has an internal 
pull-up resistor so may be left unconnected. The request/grant sequence is as follows 
(see Figure 9): 

1. A pulse of 1 CLK wide from another local bus master indicates a local bus request 
(“hold”) to the 8086 (pulse 1 ). 

2. During a T 4 or T| clock cycle, a pulse 1 CLK wide from the 8086 to the requesting master 
(pulse 2 ), indicates that the 8086 has allowed the local bus to float and that it will enter 
the “hold acknowledge” state at the next CLK. The CPU’s bus interface unit is discon- 
nected logically from the local bus during “hold acknowledge.” 

3. A pulse 1 CLK wide from the requesting master indicates to the 8086 (pulse 3) that 
the “hold” request is about to end and that the 8086 can reclaim the local bus at the 
next CLK. 

Each master-master exchange of the local bus is a sequence of 3 pulses. There must 
» be one dead CLK cycle after each bus exchange. Pulses are active LOW. 

If the request is made while the CPU is performing a memory cycle, it will release the local 
bus during T 4 of the cycle when all the following conditions are met: 

1. Request occurs on or before T 2 . 

2. Current cycle is not the low byte of a word (on an odd address). 

3. Current cycle is not the first acknowledge of an interrupt acknowledge sequence. 

4. A locked instruction is not currently executing. 


s 2 

Si s 0 

Characteristics 

0 (LOW) 

0 0 

Interrupt 



Acknowledge 

0 

0 1 

Read I/O Port 

0 

1 0 

Write I/O Port 

0 

1 1 

Halt 

1 (HIGH) 

0 0 

Code Access 

1 

0 1 

Read Memory 

1 

1 0 

Write Memory 

1 

1 1 

Passive 


Symbol 

Pin No. 

NMI 

17 

RESET 

21 

CLK 

19 

< 

0 

0 

40 

GND 

1,20 

MN/MX 

33 
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Table 1. Pin Description (Continued) 


Symbol 


Pin No. 


Type 


Name and Function 


If the local bus is idle when the request is made the two possible events will follow: 

1. Local bus will be released during the next clock. 

2. A memory cycle will start within 3 clocks. Now the four rules for a currently active 
memory cycle apply with condition number 1 already satisfied. 


EOCK 


29 


LOCK: output indi cates that other system b us mas ters are not to gain control of the 
system bus while LOCK is active LOW. The LOCK signal is activated by the “LOCK” 
prefix instruction and remains active until the completion of the next instruction. This 
signal is active LOW, and floats to 3-state OFF in “hold acknowledge.” 


QS 1f QS 0 


24, 25 


Queue Status: The queue status 
is valid during the CLK cycle 
after which the queue operation 
is performed. 

QS-i and QSo provide status to 
allow external tracking of the 
internal 8086 instruction queue. 


QSi 

qs 9 

CHARACTERISTICS 

0 (LOW) 

0 

No Operation 

0 

1 

First Byte of Op Code from Queue 

1 (HIGH) 

0 

Empty the Queue 

1 

1 

Subsequent Byte from Queue 


The following pin function descriptions are for the 8086 in minimum mode (i.e., MN/MX = V cc ). Only the pin functions which 
are unique to minimum mode are described; all other pin functions are as described above. 


mo 

28 

0 

Status line: logically equivalent to S 2 in the maximum mode. It is used to distinguish a 
memory access from an I/O access. M/IO becomes valid in the T 4 preceding a bus cycle 
and remains valid until the final T 4 of the cycle (M = HIGH, 10= LOW). M/IO floats to 
3-state OFF in local bus “hold acknowledge.”* 

WE 

29 

0 

Write: indicates that the processor is performing a write memory or write I/O cycle, 
depending on the state of the M/IO signal. WR is active for T 2 , T 3 and T w of any write cy- 
cle. It is active LOW, and floats to 3-state OFF in local bus “hold acknowledge.” 

INTA 

24 

0 

INTA is used as a read strobe for interrupt acknowledge cycles. It is active LOW during 
T 2 , T 3 and Tw of each interrupt acknowledge cycle. 

ALE 

25 

0 

Address Latch Enable: provided by the processor to latch the address into the 8282/ 
8283 address latch. It is a HIGH pulse active during T 1 of any bus cycle. Note that ALE 
is never floated. 

DT/R 

27 

0 

Data Transmit/Receive: needed in minimum system that desires to use an 8286/8287 
data bus transceiver. It is used to control the direction of data flow through the 
transceiver. Logically DT/R is equivalent to S-i in the maximum mode, and its timing is 
the same as for M/IO. (T = HIGH, R = LOW.) This signal floats to 3-state OFF in local bus 
“hold acknowledge.” 

DEN 

26 

0 

Data Enable: provided as an output enable for the 8286/8287 in a minimum system 
which uses the transceiver. DEN is active LOW during each memory and I/O access and 
for INTA cycles. For a read or INTA cycle it is active from the middle of T 2 until the mid- 
dle of T 4 , while for a write cycle it is active from the beginning of T 2 until the middle of 
T 4 . DEN floats to 3-state OFF in local bus “hold acknowledge.” 

HOLD, 

HLDA 

31, 30 

I/O 

! 

HOLD: indicates that another master is requesting a local bus “hold.” To be acknowl- 
edged, HOLD must be active HIGH. The processor receiving the “hold” request will 
issue HLDA (HIGH) as an acknowledgement in the middle of a T-, clock cycle. Simul- 
taneous with the issuance of HLDA the processor will float the local bus and control 
lines. After HOLD is detected as being LOW, the processor will LOWer the HLDA, and 
when the processor needs to run another cycle, it will again drive the local bus and 
control lines. 

The same rules as for RQIGT apply regarding when the local bus will be released. 

HOLD is not an asynchronous input. External synchronization should be provided if the 
system cannot otherwise guarantee tfie setup time. 


3 - 4 . 


















iAPX 86/10 


intef 


•FUNCTIONAL DESCRIPTION 
GENERAL OPERATION 

The internal functions of the iAPX 86/10 processor are 
partitioned logically into two processing units. The first is 
the Bus Interface Unit (BIU) and the second is the Exe- 
cution Unit (EU) as shown in the block diagram of 
Figure 1. 

These units can interact directly but for the most part 
perform as separate asynchronous operational process- 
ors. The bus interface unit provides the functions related 
to instruction fetching and queuing, operand fetch and 
store, and address relocation. This unit also provides the 
basic bus control. The overlap of instruction pre-fetching 
provided by this unit serves to increase processor perfor- 
mance through improved bus bandwidth utilization. Up to 
6 bytes of the instruction stream can be queued while 
waiting for decoding and execution. 

The instruction stream queuing mechanism allows the 
BIU to keep the memory utilized very efficiently. When- 
ever there is space for at least 2 bytes in the queue, the 
BIU will attempt a word fetch memory cycle. This greatly 
reduces “dead time” on the memory bus. The queue 
acts as a First-In-First-Out (FIFO) buffer, from which the 
EU extracts instruction bytes as required. If the queue is 
empty (following a branch instruction, for example), the 
first byte into the queue immediately becomes available 
to the EU. 


The execution unit receives pre-fetched instructions 
from the BIU queue and provides un-relocated operand 
addresses to the BIU. Memory operands are passed 
through the BIU for processing by the EU, which passes 
results to the BIU for storage. See the Instruction Set 
description for further register set and architectural 
descriptions. 


MEMORY ORGANIZATION 

The processor provides a 20-bit address to memory which 
locates the byte being referenced. The memory is orga- 
nized as a linear array of up to 1 million bytes, addressed 
as 00000(H) to FFFFF(H). The memory is logically divided 
into code, data, extra data, and stack segments of up to 
64K bytes each, with each segment falling on 16-byte 
boundaries. (See Figure 3a.) 

All memory references are made relative to base 
addresses contained in high speed segment registers. The 
segment types were chosen based on the addressing 
needs of programs. The segment register to be selected is 
automatically chosen according to the rules of the follow- 
ing table. All information in one segment type share the 
same logical attributes (e.g. code or data). By structuring 
memory into relocatable areas of similar characteristics 
and by automatically selecting segment registers, pro- 
grams are shorter, faster, and more structured. 

Word (16-bit) operands can be located on even or odd 
address boundaries and are thus not constrained to 
even boundaries as is the case in many 16-bit com- 
puters. For address and data operands, the least signifi- 
cant byte of the word is stored in the lower valued 
address location and the most significant byte in the 
next higher address location. The BIU automatically per- 
forms the proper number of memory accesses, one if 
the word operand is on an even byte boundary and two if 
it is on an odd byte boundary. Except for the perfor- 
mance penalty, this double access is transparent to the 
software. This performance penalty does not occur for 
instruction fetches, only word operands. 

Physically, the memory is organized as a high bank 
(D-is-De) and a low bank (D 7 -D 0 ) of 512K 8-bit bytes 
addressed in parallel by the processor’s address lines 

Aig - Ai. Byte data with even addresses is transferred on 
the D7-D0 bus lines while odd addressed byte data (Ao 
HIGH) is transferred on the Dis -Dsb us lines. The process- 
or provides two enable signals, BHE and Ao, to selectively 
allow reading from or writing into either an odd byte 
location, even byte location, or both. The instruction 
stream is fetched from memory as words and is addressed 
internally by the processor to the byte level as necessary. 


Memory 

Reference Need 

Segment Register 
Used 

Segment 
Selection Rule 

Instructions 

CODE (CS) 

Automatic with all instruction prefetch. 

Stack 

STACK (SS) 

All stack pushes and pops. Memory references relative to BP 
base register except data references. 

Local Data 

DATA (DS) 

Data references when: relative to stack, destination of string 
operation, or explicitly overridden. 

External (Global) Data 

EXTRA (ES) 

Destination of string operations: Explicitly selected using a 
segment override. 
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SEGMENT 
REGISTER FILE 


> CODE SEGMENT 


> STACK SEGMENT 


} DATA SEGMENT 


EXTRA DATA SEGMENT 


Figure 3a. Memory Organization 


In referencing word data the BIU requires one or two 
memory cycles depending on whether or not the start- 
ing byte of the word is on an even or odd address, 
respectively. Consequently, in referencing word oper- 
ands performance can be optimized by locating data on 
even address boundaries. This is an especially useful 
technique for using the stack, since odd address refer- 
ences to the stack may adversely affect the context 
switching time for interrupt processing or task multi- 
plexing. 

Certain locations in memory are reserved for specific 
CPU operations (see Figure 3b.) Locations from address 
FFFFOH through FFFFFH are reserved for operations 
including a jump to the initial program loading routine. 
Following RESET, the CPU will always begin execution 
at location FFFFO,’ where the jump must be. Locations 
OOOOOH through 003FFH are reserved for interrupt 
operations. Each of the 256 possible interrupt types has 
its service routine pointed to by a 4-byte pointer element 


consisting of a 16-bit segment address and a 16-bit off- 
set address. The pointer elements are assumed to have 
been stored at the respective places in reserved memory 
prior to occurrence of interrupts. 


RESET BOOTSTRAP 
PROGRAM JUMP 


INTERRUPT POINTER 
FOR TYPE 255 


FFFFFH 

FFFFOH 


3FFH 

3FCH 


INTERRUPT POINTER 
FOR TYPE 1 


INTERRUPT POINTER 
FOR TYPE 0 


7H 

4H 

3H 

OH 


Figure 3b. Reserved Memory Locations 

MINIMUM AND MAXIMUM MODES 

The requirements for supporting minimum and ftiaximurn 
iAPX 86/10 systems are sufficiently different that they 
cannot be done efficiently with 40 uniquely defined 
pins. Consequently, the 8086 is equipped with a strap 
pin (MN/MX) which defines the system configuration. 
The definition of a certain subset of the pins changes 
dependent on the condition of the strap pin. When 
MN/MX pin is strapped to GND, the 8086 treats pins 24 
through 31 in maximum mode. An 8288_bus controller 
interprets status information coded into S 0 ,S-|,S 2 to gen- 
erate bus timing and control signals compatible with 
the MULTIBUS® architecture. When the MN/MX pin is 
strapped to V C c» the 8086 generates bus control signals 
itself on pins 24 through 31, as shown in parentheses in 
Figure 2. Examples of minimum mode and maximum 
mode systems are shown in Figure 4. 


3-6 






iAPX 86/10 



Figure 4a. Minimum Mode iAPX 86/10 Typical Configuration 
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BUS OPERATION 

The 86/10 has a combined address and data bus com- 
monly referred to as a time multiplexed bus. This tech- 
nique provides the most efficient use of pins on the 
processor while permitting the use of a standard 40-lead 
package. This “local bus” can be buffered directly and 
used throughout the system with address latching pro- 
vided on memory and I/O modules. In addition, the bus 
can also be demultiplexed at the processor with a single 
set of address latches if a standard non-multiplexed bus 
is desired for the system. 

Each processor bus cycle consists of at least four CLK 
cycles. These are referred to as T 1t T 2 , T 3 and T 4 (see 
Figure 5). The address is emitted from the processor 
during T, and data transfer occurs on the bus during T 3 
and T 4 . T 2 is used primarily for changing the direction of 
the bus during read operations. In the event that a “NOT 
READY” indication is given by the addressed device, 
“Wait” states (T w ) are inserted between T 3 and T 4 . Each 
inserted “Wait” state is of the same duration as a CLK 
cycle. Periods can occur between 8086 bus cycles. 
These are referred to as “Idle” states (T,) or inactive CLK 
cycles. The processor uses these cycles for internal 
housekeeping. 

During T ^ of any bus cycle the ALE (Address Latch 
Enable) signal is emitted (by either the processor or the 
8288 bus controller, depending on the MN/MX strap). At 
the trailing edge of this pulse, a valid address and cer- 
tain status information for the cycle may be latched. 

Status bits S 0 , and S 2 are used, in maximum mode, 
by the bus controller to identify the type of bus transac- 
tion according to the following table: 


S 2 

Si 

So 

CHARACTERISTICS 

0 (LOW) 

0 

0 

Interrupt Acknowledge 

0 

0 

1 

Read I/O 

0 

1 

0 

Write I/O 

0 

1 

1 

Halt 

1 (HIGH) 

0 

0 

Instruction Fetch 

1 

0 

1 

Read Data from Memory 

1 

1 

0 

Write Data to Memory 

1 

1 

1 

Passive (no bus cycle) 


Status bits S 3 through S 7 are multiplexed with high- 
order address bits and the BHE signal, and are therefore 
valid during T 2 through T 4 . S 3 and S 4 indicate which 
segment register (see Instruction Set description) was 
used for this bus cycle in forming the address, accord- 
ing to the following table: 


s 4 

S3 

CHARACTERISTICS 

0 (LOW) 

0 

Alternate Data (extra segment) 

0 

1 

Stack 

1 (HIGH) 

0 

Code or None 

1 

1 

Data 


S5 is a reflection of the PSW interrupt enable bit. S 6 = 0 and 
S7 is a spare status bit. 


I/O ADDRESSING 

In the 86/10, I/O operations can address up to a maximum 
of 64K I/O byte registers or 32K I/O word registers. The 
I/O address appears in the same format as the memory 
address on bus lines A 15 -A 0 . The address lines A ig -A 16 
are zero in I/O operations. The variable I/O instructions 
which use register DX as a pointer have full address capa- 
bility while the direct I/O instructions directly address one 
or two of the 256 I/O byte locations in page 0 of the I/O 
address space. 

I/O ports are addressed in the same manner as memory 
locations. Even addressed bytes are transferred on the 
D7-D0 bus lines and odd addressed bytes on D 15 -D 8 . 
Care must be taken to assure that each register within 
an 8-bit peripheral located on the lower portion of the 
bus be addressed as even. 
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Figure 5. Basic System Timing 
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EXTERNAL INTERFACE 

PROCESSOR RESET AND INITIALIZATION 

Processor initialization or start up is accomplished with 
activation (HIGH) of the RESET pin. The 8086 RESET is 
required to be HIGH for greater than 4 CLK cycles. The 
8086 will terminate operations on the high-going edge of 
RESET and will remain dormant as long as RESET is 
HIGH. The low-going transition of RESET triggers an 
internal reset sequence for approximately 10 CLK cycles. 
After this interval the 8086 operates normally beginning 
with the instruction in absolute location FFFF0H (see 
Figure 3B). The details of this operation are specified in the 
Instruction Set description of the MCS-86 Family User’s 
Manual. The RESET input is internally synchronized to the 
processor clock. At initialization the HIGH-to-LOW trans- 
ition of RESET must occur no sooner than 50 fis after 
power-up, to allow complete initialization of the 8086. 

NMI may not be asserted prior to the 2nd CLK cycle fol- 
lowing the end of RESET. 

INTERRUPT OPERATIONS 

Interrupt operations fall into two classes; software or 
hardware initiated. The software initiated interrupts and 
software aspects of hardware interrupts are specified in 
the Instruction Set description. Hardware interrupts can 
be classified as non-maskable or maskable. 

Interrupts result in a transfer of control to a new pro- 
gram location. A 256-element table containing address 
pointers to the interrupt service program locations 
resides in absolute locations 0 through 3FFH (see 
Figure 3b), which are reserved for this purpose. Each 
element in the table is 4 bytes in size and corresponds 
to an interrupt ‘‘type”. An interrupting device supplies 
an 8-bit type number, during the interrupt acknowledge 


sequence, which is used to “vector” through the ap- 
propriate element to the new interrupt service program 
location. 

NON MASKABLE INTERRUPT (NMI) 

The processor provides a single non-maskable interrupt 
pin (NMI) which has higher priority than the maskable in- 
terrupt request pin (INTR). A typical use would be to ac- 
tivate a power failure routine. The NMI is edge-triggered 
on a LOW-to-HIGH transition. The activation of this pin 
causes a type 2 interrupt. (See Instruction Set descrip- 
tion.) 

NMI is required to have a duration in the HIGH state of 
greater than two CLK cycles, but is not required to be 
synchronized to the clock. Any high-going transition of 
NMI is latched on-chip and will be serviced at the end of 
the current instruction or between whole moves of a 
block-type instruction. Worst case response to NMI 
would be for multiply, divide, and variable shift instruc- 
tions. There is no specification on the occurrence of the 
low-going edge; it may occur before, during, or after the 
servicing of NMI. Another high-going edge triggers 
another response if it occurs after the start of the NMI 
procedure. The signal must be free of logical spikes in 
general and be free of bounces on the low-going edge to 
avoid triggering extraneous responses. 

MASKABLE INTERRUPT (INTR) 

The 86/1 0 provides a single interrupt request input (INTR) 
which can be masked internally by software with the 
resetting of the interrupt enable FLAG status bit. The 
interrupt request signal is level triggered. It is internally 
synchronized during each clock cycle on the high-going 
edge of CLK. To be responded to, INTR must be present 
(HIGH) during the clock period preceding the end of the 
current instruction or the end of a whole move for a 
block-type instruction. During the interrupt response 
sequence further interrupts are disabled. The enable bit 
is reset as part of the response to any interrupt (INTR, 
NMI, software interrupt or single-step), although the 
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FLAGS register which is automatically pushed onto the 
stack reflects the state of the processor prior to the 
interrupt. Until the old FLAGS register is restored the 
enable bit will be zero unless specifically set by an 
instruction. 

During the response sequence (figure 6) the processor 
executes two successive (back-to-back) interrupt 
acknowledge cycles. The 8086 emits the LOCK signal 
from T 2 of the first bus cycle until T 2 of the second. A 
local bus “hold” request will not be honored until the 
end of the second bus cycle. In the second bus cycle a 
byte is fetched from the external interrupt system (e.g., 
8259A PIC) which identifies the source (type) of the 
interrupt. This byte is multiplied by four and used as a 
pointer into the interrupt vector lookup table. An INTR 
signal left HIGH will be continually responded to within 
the limitations of the enable bit and sample period. The 
INTERRUPT RETURN instruction includes a FLAGS pop 
which returns the status of the original interrupt enable 
bit when it restores the FLAGS. 

HALT 

When a software “HALT” instruction is executed the 
processor indicates that it is entering the “HALT” state 
in one of two ways depending upon which mode is 
strapped. In minimum mode, the processor issues one 
ALE with no qualifying bus control signals. In Maximum 
Mode, the processor issues appropriate HALT status on 
S 2 S-|S 0 and the 8288 bus controller issues one ALE. The 
8086 will not leave the “HALT” state when a local bus 
“hold” is entered while in “HALT”. In this case, the 
processor reissues the HALT indicator. An interrupt 
request or RESET will force the 8086 out of the “HALT” 
state. 

READ/MODIFY/WRITE (SEMAPHORE) 
OPERATIONS VIA LOCK 

The LOCK status information is provided by the proc- 
essor when directly consecutive bus cycles are required 
during the execution of an instruction. This provides the 
processor with the capability of performing read/modify/ 
write operations on memory (via the Exchange Register 
With Memory instruction, for example) without the 
possibility of another system bus master receiving 
intervening memory cycles. This is useful in multi- 
processor system configurati ons to accomplish “test 
and set lock” operations. The LOCK signal is activated 
(forced LOW) in the clock cycle following the one in 
which the software “LOCK” prefix instruction is 
decoded by the EU. It is deactivated at the end of the 
last bus cycle of the inst ructio n following the “LOCK” 
prefix instruction. While LOCK is active a request on a 
RQ/GT pin will be recorded and then honored at the end 
of the LOCK. 

EXTERNAL SYNCHRONIZATION VIA TEST 

As an alternative to the interrupts and general I/O 
capabilities, the 8086 pr ovides a single software- 
testable input known as the TEST signal. At any time the 
pro gram m ay execute a WAIT instruction. If at that time 
the TEST signal is inactive (HIGH), program exe cution 
becomes suspended while the processor waits for TEST 


to become active. It must remain active for at least 5 
CLK cycles. The WAIT instruction is re-executed 
repeatedly until that time. This activity does not con- 
sume bus cycles. The processor remains in an idle state 
while waiting. All 8086 drivers go to 3-state OFF if bus 
“Hold”is entered. If interrupts are enabled, they may 
occur while the processor is waiting. When this occurs 
the processor fetches the WAIT instruction one extra 
time, processes the interrupt, and then re-fetches and 
re-executes the WAIT instruction upon returning from 
the interrupt. 

BASIC SYSTEM TIMING 

Typical system configurations for the processor 
operating in minimum mode and in maximum mode are 
shown in Figures^ 4a and 4b, respectively. In minimum 
mode, the MN/MX pin is strapped to V cc and the proc- 
essor emits bus control signals in a manner similar to 
the 8085. In maximum mode, the MN/MX pin is strapped 
to V ss and the processor emits coded status informa- 
tion which the 8288 bus controller uses to generate 
MULTIBUS compatible bus control signals. Figure 5 il- 
lustrates the signal timing relationships. 



Figure 7. iAPX 86/10 Register Model 


SYSTEM TIMING - MINIMUM SYSTEM 

The read cycle begins in T-i with the assertion of the 
Address Latch Enable (ALE) signal. The trailing (low- 
going) edge of this signal is used to latch the address 
information, which is valid on the loca l bus at this time, 
into the 8282/8283 latch. The BHE and A 0 signals 
address the low, high, or both bytes. From T 1 to T 4 the 
M/IO signal indicates a memory of I/O operation. At T 2 
the address is removed from the local bus and the bus 
goes to a high impedance state. The read control signal 
is also assorted at T 2 . The read (RD) signal causes the 
addressed device to enable its data bus drivers to the 
local bus. Some time later valid data will be available on 
the bus and the addressed device will drive the READY 
line HIGH. When the processor returns the read signal 
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to a HIGH level, the addressed device will again 3-state 
Its bus drivers. If a transceiver (8286/8287) i s req uired to 
buffer the 8086 local bus, signals DT/R and DEN are pro- 
vided by the 8086. 

A write cycle also begins with the assertion of ALE and 
the emission of the' address. The M/IO signal is again 
asserted to indicate a memory or I/O write operation. In 
the T 2 immediately following the address emission the 
processor emits the data to be written into the 
addressed location. This data remains valid until the 
middle of T 4 . During T 2 , T 3 , and T w t he p rocessor asserts 
the write control signal. The write (WR) signal becomes 
active at the beginning of T 2 as opposed to the read 
which is delayed somewhat into T 2 to provide time for 
the bus to float. 

The BHE and A 0 signals are used to select the proper 
byte(s) of the memory/IO word to be read or written 
according to the following table: 


BHE 

A0 

CHARACTERISTICS 

0 

0 

Whole word 

0 

1 

Upper byte from/ 
to odd address 

1 

0 

Lower byte from/ 
to even address 

1 

1 

None 

V 


I/O ports are addressed in the same manner as memory 
location. Even addressed bytes are transferred on the 
D 7 -D 0 bus lines and odd addressed bytes on D 15 -D 8 . 

The basic difference between the interrupt acknowl- 
edge cycle and a read cycle is that the interrupt 
acknowledge signal (INTA) is asserted in place of the 


read (Rt5) signal and the address bus is floated. (See 
Figure 6.) In the second of two successive INTA cycles, 
a byte of information is read from bus lines D 7 -D 0 as 
supplied by the interrupt system logic (i.e., 8259A Prior- 
ity Interrupt Controller). This byte identifies the source 
(type) of the interrupt. It is multiplied by four and used 
as a pointer into an interrupt vector lookup table, as 
described earlier. 

BUS TIMING — MEDIUM SIZE SYSTEMS 

For medium size systems the MN/MX pin is connected to 
V S s and the 8288 Bus Controller is added to the system as 
well as an 8282/8283 latch for latching the system address, 
and a 8286/8287 transceiver to allow for bus loading 
greater than the 8086 is capable of handling. Signals ALE, 
DEN, and DT/R are generated by the 8288 instead of the 
processor in this configuration although their timing Re- 
mains relatively the same. The 8086 status outputs (S 2 , St , 
and So) provide type-of-cycle information and become 
8288 inputs. This bus cycle information specifies read 
(code, data, or I/O), write (data or I/O), interrupt acknowl- 
edge, or software halt. The 8288 thus issues control 
signals specifying memory read or write, I/O read or write, 
or interrupt acknowledge. The 8288 provides two types of 
write strobes, normal and advanced, to be applied as re- 
quired. The normal write strobes have data valid at the 
leading edge of write. The advanced write strobes have 
the same timing as read strobes, and hence data isn’t valid 
at the leading edge of write. The 8286/8287 transceiver 
receives the usual T and OE inputs from the 8288’s DT/R 
and DEN. 

The pointer into the interrupt vector t&ble, which is 
passed during the second INTA cycle, can derive from 
an 8259A located on either the local bus or the system 
bus. If the master 8259A Priority Interrupt Controller is 
positioned on the local bus, aTTL gate is required to 
disable the 8286/828 7 transceiver when reading from the 
master 8259A during the interrupt acknowledge 
sequence and software “poll”. 
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ABSOLUTE MAXIMUM RATINGS* 


Ambient Temperature Under Bias 0°C to 70 °C 

Storage Temperature -65°C to + 150°C 

Voltage on Any Pin with 

Respect to Ground - 1.0 to + 7V 

Power Dissipation 2.5 Watt 


*NOTICE: Stresses above those listed under "Absolute 
Maximum Ratings ” may cause permanent damage to the 
device. This is a stress rating only and functional opera- 
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi- 
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 


D.C. CHARACTERISTICS (8086: t a = o°c to 70°c, v cc = 5V ± io%) 

(8086-1 : T a = 0°C to 70°C, V cc = 5V ± 5%) 
(8086-2: T A = 0°C to 70°C, V cc = 5V ± 5%) 


Symbol 

Parameter 

Min. 

Max. 

Units 

Test Conditions 

V|L 

Input Low Voltage 

-0.5 

+ 0.8 

v 


V,H 

Input High Voltage 

2.0 

V CC + 0.5 

V 


_J 

O 

> 

Output Low Voltage 


0.45 

V 

Iol=2.5 mA 

VOM 

Output High Voltage 

2.4 


V, 

•oh = - 400 ^A 

•cc 

Power Supply Current: 8086 


340 



8086-1 


360 

mA 

T a =25°C 


8086-2 


350 



'Ll 

Input Leakage Current 


±10 

mA 

0V ss V, N ^ V cc 

•lo 

Output Leakage Current 


±10 

mA 

0.45V < V OUT < V cc 

V C L 

Clock Input Low Voltage 

-0.5 

+ 0.6 

V 


V C H 

Clock Input High Voltage 

3.9 

V CC +1-0 

V 



Capacitance of Input Buffer 





C|N 

(All input except 
AD 0 -AD 15 , RQ/GT) 


15 

PF 

fc= 1 MHz 

C,o 

Capacitance of I/O Buffer 
(AD 0 -AD 15 , RQ/ST) 


15 

PF 

fc = 1 MHz 


Note. 1 V| L tested with MN/MX Pin = 0V. 
2. V IH tested with MN/MX Pin = 5V 
MN/MX Pin is a Strap Pin 
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A.C. CHARACTERISTICS (8086: t a = o°c to 70°c, v cc = 5V ± 10%) 

(8086-1 : T a = 0°C to 70°C, V cc = 5V ± 5%) 
(8086-2: T A = 0°C to 70°C, V cc = 5V ± 5%) 


MINIMUM COMPLEXITY SYSTEM 
TIMING REQUIREMENTS 


Symbol 

Parameter 

8086 ' 

8086-1 (Preliminary) 

8086-2 

Units 

Test 

Conditions 



Min. 

Max. 

Min. 

Max. 

Min. 

Max. 



TCLCL 

CLK Cycle Period 

200 

500 

100 

500 

125 

500 

ns 


TCLCH 

CLK Low Time 

118 


53 


68 


ns 

TCHCL 

CLK High Time 

69 


39 


44 


ns 

TCH1CH2 

CLK Rise Time 


10 


10 


10 

ns 

From 1 .0V to 
3.5V 

TCL2CL1 

CLK Fall Time 


10 


10 


10 

ns 

From 3.5V to 
1.0V 

TDVCL 

Data in Setup Time 

30 


5 


20 


ns 


TCLDX 

Data in Hold Time 

10 


10 


10 


ns 

TR1VCL 

RDY Setup Time 
into 8284A (See 
Notes 1,2) 

35 


35 


35 


ns 

TCLR1X 

RDY Hold Time 
into 8284A (See 
Notes 1 , 2) 

0 


0 


0 


ns 

TRYHCH 

READY Setup 
Time into 8086 

118 


53 


68 


ns 

TCHRYX 

READY Hold Time 
into 8086 

30 


20 


20 


ns 

TRYLCL 

READY Inactive to 
1 CLK (See Note 3) 

-8 


-10 


-8 

i 

ns 

THVCH 

HOLD Setup Time 

35 


20 


20 


ns 

TINVCH 

INTR, NMI, TEST 
Setup Time (See 
Note 2) 

30 


15 

| 

15 


ns 

TILIH 

Input Rise Time 
(Except CLK) 


20 


20 


20 

ns 

From 0.8V to 
2.0V 

TIHIL 

Input Fall Time 
(Except CLK) 


12 


12 


12 

ns 

From 2.0V to 
0.8V 
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A.C. CHARACTERISTICS (Continued) 

TIMING RESPONSES 


Symbol 

Parameter 

8086 

8086-1 (Preliminary) 

8086-2 

Units 

Test 

Conditions 



Min. 

Max. 

Min. 

Max. 

Min. 

Max. 


, 

TCLAV 

Address Valid Delay 

10 

110 

10 

5P 

10 

60 

ns 

*C L = 20-100 pF 
for all 8086 Out- 
puts (In addi-, 
tion to 8086 self- 
load) 

TCLAX 

Address Hold Time 

10 


10 


10 


ns 

TCLAZ 

Address Float 
Delay 

TCLAX 

80 

10 

40 

TCLAX 

50 

ns 

TLHLL 

ALE Width 

TCLCH-20 


TCLCH-10 


TCLCH-10 


ns 

TCLLH 

ALE Active Delay 


80 


40 


50 

ns 

TCHLL 

ALE Inactive Delay 


85 


45 


55 

ns 

TLLAX 

Address Hold Time 
to ALE Inactive 

TCHCL-10 


TCHCL-10 


TCHCL-10 


ns 

TCLDV 

Data Valid Delay 

10 

110 

10 

50 

10 

60 

ns 

TCHDX 

Data Hold Time 

10 


10 


10 


ns 

TWHDX 

Data Hold Time 
After WR 

TCLCH-30 


TCLCH-25 


TCLCH-30 


ns 

, TCVCTV 

Control Active 
Delay 1 

10 

110 

10 

50 

10 

70 

ns 

TCHCTV 

Control Active 
Delay 2 

10 

110 

10 

45 

10 

60 

ns 

TCVCTX 

Control Inactive 
Delay 

10 

110 

10 

50 

10 

70 

ns 

TAZRL % 

Address Float to 
READ Active 

0 


0 


0 


ns 

TCLRL 

RD Active Delay 

10 

165 

10 

70 

10 

100 

ns 

TCLRH 

RD Inactive Delay 

10 

150 

10 

. 60 

10 

80 

ns 

TRHAV 

RD Inactive to Next 
Address Active 

TCLCL-45 


TCLCL-35 


TCLCL-40 


ns 

TCLHAV 

HLDA Valid Delay 

10 

160 

10 

60 

10 

100 

ns 

TRLRH 

RD Width 

2TCLCL-75 


2TCLCL-40 


2TCLCL-50 


ns 

TWLWH 

WR Width 

2TCLCL-60 


2TCLCL-35 


2TCLCL-40 


ns 

TAVAL 

Address Valid to 
’ ALE Low 

TCLCH-60 


TCLCH-35 


TCLCH-40 


ns 

TOLOH 

Output Rise Time 


20 


20 


20 

ns 

From 0.8V to 
2.0V 

TOHOL 

Output Fall Time 


12 


12 


12 

ns 

From 2.0V to 
0.8V 


NOTES: 

1. Signal at 8284A shown for reference only. 

2. Setup requirement for asynchronous signal only to guarantee recognition at next CLK. 

3. Applies only to T2 state. (8 ns into T3). 
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A.C. TESTING INPUT, OUTPUT WAVEFORM 



A.C. TESTING LOAD CIRCUIT 



C L INCLUDES JIG CAPACITANCE 


WAVEFORMS 
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WAVEFORMS (Continued) 



NOTES: 

1. All signals switch between Vqh and Vql unless otherwise specified. 

2. RDY is sampled near the end of T 2 , T 3 , Tw to determine if Tw machines states are to be inserted. 

3. Two INTA cycles run back-to-back. The 8086 LOCAL ADDR/DATA BUS is floating during both INTA cycles. Control signals shown 
for second INTA cycle. 

4. Signals at 8284A are shown for reference only. 

5. All timing measurements are made at 1.5V unless otherwise noted. 
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A.C. CHARACTERISTICS 


MAX MODE SYSTEM (USING 8288 BUS CONTROLLER) 
TIMING REQUIREMENTS 


Symbol 

Parameter 

8086 

8086-1 (Preliminary) 

8086-2 (Preliminary) 

— 

Units 

Test 

Conditions 



Min. 

Max. 

Min. 

Max. 

Min. 

Max. 



TCLCL 

CLK Cycle Period 

200 

500 

100 

500 

125 

500 

ns 


TCLCH 

CLK Low Time 

118 


53 


68 


ns 


TCHCL 

CLK High Time 

69 


39 


44 


ns 


TCH1CH2 

CLK Rise Time 


10 


10 


10 

ns 

From 1 .0V to 
3.5V 

TCL2CL1 

CLK Fall Time 


10 


10 


10 

ns 

From 3.5V to 
1.0V 

TDVCL 

Data in Setup Time 

30 


5 


20 


ns 


TCLDX 

Data In Hold Time 

10 


10 


10 


ns 


TR1VCL 

RDY Setup Time 
into 8284A (See 
Notes 1 , 2) 

35 


35 


35 


ns 


TCLR1X 

RDY Hold Time 
into 8284A (See 
Notes 1,2) 

0 


: o 1 


0 


ns 


TRYHCH 

READY Setup Time 
into 8086 

118 


53 


68 


ns 


TCHRYX 

READY Hold Time 
into 8086 

30 


20 


20 


ns 


TRYLCL 

READY Inactive to 
CLK (See Note 4) 

-8 


-10 


-8 


ns 


TINVCH 

Setup Time for 
Recognition (INTR, 
NMI, TEST) (See 
Note 2) 

30 


15 


15 


ns 


TGVCH 

RQ/GT Setup Time 

30 


12 


15 


ns 


TCHGX 

RQ Hold Time into 
8086 

40 


20 


30 


ns 


TILIH 

Input Rise Time 
(Except CLK) 


20 


20 


20 

ns 

From 0.8V to 
2.0V 

TIHIL 

Input Fall Time 
j (Except CLK) 


12 


12 


12 

ns 



From 2.0V to 
0.8V 


NOTES: 

1. Signal at 8284A or 8288 shown for reference only. 

2. Setup requirement for asynchronous signal only to guarantee recognition at next CLK. 

3. Applies only to T3 and wait states. * 

4. Applies only to T2 state (8 ns into T3). 


/ 
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A.C. CHARACTERISTICS (Continued) 

TIMING RESPONSES 


Symbol 

Parameter 

8086 

8086-1 (Preliminary) 

8086-2 (Preliminary) 

Units 

Test 

Conditions 



Min. 

Max. 

Min. 

Max. 

Min. 

Max. 



TCLML 

Command Active 
Delay (See Note 1) 

10 

35 

10 

35 

10 

35 

ns 

C L = 20-1 00 pF 
for all 8086 Out- 
puts (In addi- 
tion to 8086 self- 
load) 

TCLMH 

Command Inactive 
Delay (See Note 1) 

10 

35 

10 

35 

10 

35 

ns 

TRYHSH 

READY Active to 
Status Passive (See 
Note 3) 


110 


45 


65 

ns 

TCHSV 

Status Active Delay 

10 

110 

10 

45 

10 

60 

ns 

TCLSH 

Status Inactive 
Delay 

10 

130 

10 

55 

10 

70 

ns 

TCLAV 

Address Valid 
Delay 

10 

110 

10 

50 

10 

60 

ns 

TCLAX 

Address Hold Time 

10 


10 


10 


ns 

TCLAZ 

Address Float Delay 

TCLAX 

80 

10 

40 

TCLAX 

50 

ns 

TSVLH 

Status Valid to ALE 
High (See Note 1) 


15 


15 


15 

ns 

TSVMCH 

Status Valid to 
MCE High (See 
Note 1) 


15 


15 


15 

ns 

TCLLH 

CLK Low to ALE 
Valid (See Note 1) 


15 


15 


15 

ns 

TCLMCH 

CLK Low to MCE 
High (See Note 1) 


15 


15 


15 

ns 

TCHLL 

ALE Inactive Delay 
(See Note 1) 


15 


15 


15 

ns 

TCLMCL 

MCE Inactive Delay 
(See Note 1) 


15 


15 


15 

ns 

TCLDV 

Data Valid Delay 

10 

110 

10 

50 

10 

60 

ns 

TCHDX 

Data Hold Time 

10 


10 


10 


ns 

TCVNV 

Control Active 
Delay (See Note 1) 

5 

45 

5 

45 

5 

45 

ns 

TCVNX 

Control Inactive 
Delay (See Note 1) 

10 

45 

10 

45 

10 

45 

ns 

TAZRL 

Address Float to 
Read Active 

0 


0 


0 


ns 

TCLRL 

RD Active Delay 

10 

165 

10 

70 

10 

100 

ns 

TCLRH 

RD Inactive Delay 

10 

150 

10 

60 

10 

80 

ns 

TRHAV ' 

RD Inactive to 
Next Address Active 

TCLCL-45 


TCLCL-35 


TCLCL-40 


ns 

TCHDTL 

Direction Control 
Active Delay (See 
Note 1 ) 


50 


50 


50 

ns 

TCHDTH 

Direction Control 
Inactive Delay (See 
Note 1) 


30 


30 


30 

ns 

TCLGL 

GT Active Delay 

0 

85 

0 

45 

0 

50 

ns 

TCLGH 

GT Inactive Delay 

0 

85 

0 

45 

0 

50 

ns 

TRLRH 

RD Width 

2TCLCL- 75 


2TCLCL-40 


2TCLCL-50 


ns 

TOLOH 

Output Rise Time 


20 


20 


20 

ns 

From 0.8V to 
2.0V 

TOHOL 

Output Fall Time 


12 


12 


12 

ns 

From 2.0V to 
0.8V 
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WAVEFORMS 



3-20 





iAPX 86/10 



WAVEFORMS (Continued) 



NOTES: 

1. All signals switch between Vqh and Vql unless otherwise specified. 

2. RDY is sampled near the end of T2, T3, Tw to determine if Tw machines states are to be inserted. 

3. Cascade address is valid between first and second INTA cycle. 

4. Two INTA cycles run back-to-back. The 8086 LOCAL ADDR/DATA BUS is floating during both INTA cycles. Control for pointer 
address is shown for second INTA cycle. 

5. Signals at 8284A or 8288 are shown for reference only. 

6. The issuance of the 8288 command and control signals (MRDC, MWTC, AMWC, IORC, IOWC, AIOWC, INTA and DEN) lags the 
active high 8288 CEN. 

7. All timing measurements are made at 1.5V unless otherwise noted. 

8. Status inactive in state just prior to T4. 
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WAVEFORMS (Continued) 


ASYNCHRONOUS SIGNAL RECOGNITION 



NOTE 1 SETUP REQUIREMENTS FOR ASYNCHRO- 
NOUS SIGNALS ONLY TO GUARANTEE RECOGNITION 
AT NEXT CLK 


BUS LOCK SIGNAL TIMING (MAXIMUM MODE ONLY) 

h*- Any CLK Cycle —I U Any CLK Cycle — ►! 




REQUEST/GRANT SEQUENCE TIMING (MAXIMUM MODE ONLY) 


Any CLK Cycle — •* 0 CLK Cycle —I 



PULSE 3 j 
S COPROCESSOR/ 
\ RELEASE / 
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Table 2. Instruction Set Summary 


OATA TRANSFER 


MOV Move 

76543210 

76543210 

76543210 

76543210 

Register/memory to/from register | 

1 0 0 0 1 0 d w 

mod reg r/m 

1 

Immediate to register/memory | 

1 1 0 0 0 1 1 w 

mod 0 0 0 r/m 

data 

data it w 1 | 

Immediate to register 

1 0 1 t w reg 

data 

data it w 1 


Memory to accumulator 

1 0 1 0 0 0 0 w 

addr low 

addr high 


Accumulator to memory 

1 0 1 0 0 0 1 w 

addr low 

addr high 


Register/memory to segment register 

10001110 

mod 0 reg r/m 


Segment register to register/memory 

10001100 

mod 0 reg r/m 


PUSH - Push 




Register/memory 

11111111 

| mod 1 1 0 r/m 

1 

Register 

0 10 10 reg 



Segment register 

0 0 0 reg 1 1 0 



POP = Pop 

1 



Register/memory 

10001111 

mod 0 0 0 r/m 


Register 

0 10 11 reg 



Segment register 

0 0 0 reg 1 1 1 



XCHG - Exchange 




Register/memory with register 

1 0 0 0 0 1 1 w 

|mod reg r/m 


Register with accumulator 

1 0 0 1 0 reg 



IN=lnput from 




Fixed port 

| 1 1 1 0 0 1 0 w 

1 P° rl 


Variable port 

| 1 1 1 0 1 1 0 w 

] 


OUT = Output to 




Fixed port 

| 1 1 1 0 0 1 1 w 

port 

) 

Variable port 

1 1 1 1 0 1 1 1 w 



XLAT=Translate byte to AL 

111010111 



LEA=Load EA to register 

| 1 0 0 0 1 1 0 1 

mod reg r/m 


LOS=Load pointer to DS 

| 1 1 0 0 0 1 0 1 

mod reg r/m 

1 

LES=Load pointer to ES 

| 1 1 0 0 0 1 0 0 

mod reg r/m 

1 

LAHF=Load AH with flags 

| 1 0 0 1 1 1 1 1 



SAHF=Store AH into flags 

| 1 0 0 1 1 1 1 0 



PUSHF=Push flags 

| 1 0 0 1 1 1 0 0 



POPE = Pop flags 

j 1 0 0 1 1 1 0 1 



ARITHMETIC 
ADO - Add 




Reg /memory with register to either 

0 0 0 0 0 0 d w 

mod reg r/m 


Immediate to register/memory 

1 0 0 0 0 0 s w 

mod 0 0 0 r/m 

data 

| data if s w 01 | 

Immediate to accumulator 

0 0 0 0 0 1 0 w 

data 

data if w 1 

1 

ADC = Add with carry 




Reg /memory with register to either | 

0 0 0 1 0 0 d w 

mod reg r/m 


Immediate to register/memory 

1 0 0 0 0 0 s w 

mod 0 10 r/m 

data 

data if s w 01 | 

Immediate to accumulator 

0 0 0 1 0 1 0 w 

data 

data if w 1 


INC - Increment 




Register/memory 

1 1 1 1 1 1 1 w 

mod 0 0 0 r/m 


Register 

0 1 0 0 0 reg 



AAA=ASCII adiust for add 

00110111 



OAA=Oecimal adjust for add 

00100111 



SUB = Subtract 




Reg /memory and register to either 

| 0 0 1 0 1 0 d w 

mod reg r/m 

I 

Immediate from register/memory 

1 1 0 0 0 0 0 s w 

mod 10 1 r/pi 

data 

| data if s w=Ol 

Immediate from accumulator 

jo 0 1 0 1 1 0 w 

data 

data if w=l 


SBB - Subtract with borrow 




Reg /memory and register to either 

0 0 0 1 1 0 d w 

mod reg r/m 

1 

Immediate from register/memory 

1 0 0 0 0 0 s w 

modO 1 1 r/m 

data 

data if s w=01 

Immediate front accumulator 

0 0 0 1 1 1 0 w 

data 

data if w = 1 



DEC Decrement 

76543210 

76543210 

76543210 76543210 

Register/memory 

1 1 1 1 1 1 1 W 

mod 0 0 1 r/m ] 

Register 1 0 1 0 0 1 reg 


NEG Change sign 

1 1 1 1 0 1 1 w 

modO 1 1 r/m | 

CMP Compare 



Register /memory and register 

0 0 1 1 1 0 d w 

mod reg r/m 


Immediate with register/memory 

1 0 0 0 0 0 s w 

mod 1 1 1 r/m 

data | data it s w 01 

Immediate with accumulator 

0 0 1 1 1 1 0 w 

data 

data if w 1 | 

AAS ASCII adjust for subtract 

00111111 


DAS Decimal adjust for subtract 

00101111 


MUL Multiply (unsigned) 

1 1 1 1 0 1 1 w 

mod 10 0 r/m 


IMUL Integer multiply (signed) 

1 1 1 1 0 1 1 w 

mod 1 0 1 r/m 


AAM ASCII adjust tor multiply 

11010100 

00001010 


01V Divide (unsigned) 

1 1 1 1 0 1 1 w 

mod 110 i/m 


IDIV Integer divide (signed) 

1 1 1 1 0 1 1 w 

mod 1 1 1 r/m 


AA0 ASCII adiust for divide 

110 10 10 1 

00001010 


CBW Convert byte lo word 

10011000 


CWD Convert word to double word 

10011001 



t 



STRING MANIPULATION 

REP=Repeat 
MOVS=Move byte/ word 
CMPS=Compare byte/word 
SCAS=Scan byte/word 
LOOS=load byte/wd to AL/AX 
STOS=Stor byte/wd from AL/A 



Mnemonics ©Intel, 1978 
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Table 2. Instruction Set Summary (Continued) 


CONTROL TRANSFER 
CALL = Call 

76543210 

76543210 

76543210 

JNB/JAE-Jump on not below/above 
or equal 

JNBE/JA Jump on not below or 
equal /above 

JNP/JPO=Jump on not par /par odd 

76543210 

76543210 

Direct within segment 

11101000 

disp-low 

disp high | 

01110011 

disp 

Indirect within segment 

11111111 

mod 0 1 0 r/m 


0 1110 111 

disp 

Direct intersegment 

10011010 

offset-low 

offset-high j 

0 11110 11 

disp 



seg-low 

seg-high | 

JNO-Jump on not overflow 

01110001 

disp 

Indirect intersegment 

11111111 

mod Oil r/m 


JNS Jump on not sign 

01111001 

disp 

JMP = Unconditional Jump 




LOOP Loop CX times 

11100010 

disp 




LOOPZ/LOOPE Loop while zero/equal 

11100001 

disp 

Direct within segment 

1 1 1 0 1 0 0 1 

disp-low 

disp-high | 

LOOPNZ/LOOPNE Loop while not 

11100000 


Direct within segment-short 

11101011 

disp 


z6ro/6Qual 

JCXZ^Jump on CX zero 

11100011 

disp 

Indirect within segment 


mod 10 0 r/m 


11111111 





Direct intersegment 

11101010 

offset low 

offset-high | 

INT Interrupt 





seg-low 

seg-high | 

Type specified 

11001101 

type 

Indirect intersegment 

11111111 

mod 1 0 1 r/m 


Type 3 

11001100 


RET = Return Irom CALL 




INTO Interrupt on overflow 

11001110 





IRET Interrupt return 

11001111 


Within segment j 

1 1 0 0 0 0 ,1 1 









Within seg adding immed to SP | 

11000010 

data low 

data-high | 




Intersegment | 

11001011 





Intersegment adding immediate to SP | 

11001010 

data-low 

data-high | 

PROCESSOR CONTROL 



JE/JZ=Jump on equal/zero 
JL/JNGE=Jump on less/not greater i 

or equal i 

0 1 1 1 0 1 0 0 

disp 


CLC Clear carry 

11111000 

] 

01111100 

disp 


CMC Complement carry 

11110 10 1 

I 

JLE/JNG=Jump on less or equal/not 
greater 

01111110 

disp 


STC Set carry 

11111001 


JB/JNAE=Jump on below/not above 1 
or equal 

01110010 

disp 


CLD Clear direction 

11111100 

1 

JBE/JNA=Jump on below or equal/ 
not above 

0 1110 110 

disp 


STO Set direction 

1111110 1 


JP/JPE=Jump on parity/parity even 

0 11110 10 

disp 


CLI Clear interrupt 

111110 10 


J0=Jump on overflow 

01110000 

disp 


STI Set interrupt 

111110 11 


JS=Jump on sign 

01111000 

disp 


HLT Halt 

11110100 


JNE/JNZ=Jump on not equal /not zero 

0 1110 10 1 

disp 


WAIT Wait 

10 0 110 11 


JNL/JGE=Jump on not less/greater 
or equal 

0 111110 1 

disp 


ESC Escape (to external device) 

110 11 xxx 

mod xxx r/rrT] 

JNLE/JG= Jump on not less or equal/ I 
greater 

| 0 1 1 1 1 1 1 1 

disp 


LOCK Bus lock prefix 

11110000 



AL = 8-bit accumulator 

AX = 16-bit accumulator 

CX = Count register 

DS = Data segment 

ES = Extra segment 

Above/below refers to unsigned value 

Greater = more positive, 

Less = less positive (more negative) signed values 

if d = 1 then "to" reg, if d = 0 then "from" reg 

if w = 1 then word instruction, if w = 0 then byte instruction 


if mod = 11 then r/m is treated as a REG field 

if mod = 00 then DISP = 0*, disp-low and disp-high are absent 

if mod = 01 then DISP = disp-low sign-extended to 16-bits, disp-high is absent 

if mod = 10 then DISP = disp-high disp-low 

if r/m = 000 then EA = (BX) + (SI) + DISP 

if r/m = 001 then EA = (BX) + (Dl) + DISP 

if r/m = 010 then EA = (BP) + (SI) + DISP 

if r/m = 011 then EA = (BP) + (Dl) + DISP 

if r/m = 100 then EA = (SI) + DISP 

if r/m = 101 then EA = (01) + DISP 

if r/m = 110 then EA = (BP) + DISP* 

if r/m = 111 then EA = (BX) + DISP 

DISP follows 2nd byte of instruction (before data if required) 


‘except if mod = 00 and r/m = 110 then EA = disp-high disp-low 


if s w = 01 then 16 bits of immediate data form the operand 
if s w - 1 1 then an immediate data byte is sign extended to 
form the 16-bit operand 

if v = 0 then "count” = 1, if v = 1 then “count” in (CL) 
x = don’t care - 

z is used for string primitives for comparison with ZF FLAG 

SEGMENT OVERRIDE PREFIX 

|0 0 1 reg 1 1 6| 

REG is assigned according to the following table 


16-Bit (< 

w = 1) 

8-Bit (v> 

1 = 0) 

Segment 

000 

AX 

000 

AL 

00 

ES 

001 

CX 

001 

CL 

01 

CS 

010 

DX 

010 

DL 

10 

SS 

Oil 

BX 

Oil 

BL 

11 

DS 

100 

SP 

100 

AH 



101 

BP 

101 

CH 



110 

SI 

110 

DH 



111 

Dl 

111 

BH 




Instructions which reference the flag register file as a 16-bit object use 
the symbol FLAGS to represent the file 

FLAGS = X X X X (OF) (DF) (IF) (TF) (SF) (ZF) X (AF) X (PF) X (CF) 


Mnemonics© Intel, 1978 
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iAPX 186 

HIGH INTEGRATION 16-BIT MICROPROCESSOR 


■ Integrated Feature Set 
—Enhanced 8086-2 CPU 
— Clock Generator 

— 2 Independent, High-Speed DMA 
Channels 

— Programmable Interrupt Controller 
— 3 Programmable 16-bit Timers 
— Programmable Memory and 
Peripheral Chip-Select Logic 
— Programmable Wait State Generator 
— Local Bus Controller 

■ Available in 8 MHz (80186) and cost 
effective 6 MHz (80186-6) versions. 

■ High-Performance Processor 

—2 Times the Performance of the 
Standard iAPX 86 
—4 MByte/Sec Bus Bandwidth 
Interface 


■ Direct Addressing Capability to 
1 MByte of Memory 

■ Completely Object Code Compatible 
with All Existing iAPX 86, 88 Software 
— 10 New Instruction Types 

■ Complete System Development 
Support 

— Development Software: Assembler, 
PL/M, Pascal, Fortran, and System 
Utilities 

- In- Circuit-Emulator (l 2 ICE™-1 86) 

— iRMX™ 86, 88 Compatible (80130 
OSF) 

■ High Performance Numerical 
Coprocessing Capability Through 
8087 Interface 


INT3/INTA1 



Figure 1. iAPX 186 Block Diagram 

Intel Corporation Assumes No Responsibility for the Use of Any Circuitry Other Than Circuitry Embodied in an Intel Product No Other Circuit Patent Licenses are Implied 
Information Contained Herein Supercedes Previously Published Specifications On These Devices From Intel OCTOBER 1984 

©INTEL CORPORATION, 1983 3-25 ORDER NUMBER: 210451-004 
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The Intel iAPX 186 (80186 part number) is a highly integrated 16-bit microprocessor. The iAPX 186 effectively 
combines 15-20 of the most common iAPX 86 system components onto one. The 80186 provides two times 
greater throughput tjian the standard 5 MHz iAPX 86. The iAPX 186 is upward compatible with iAPX 86 and 88 
software and adds 10 new instruction types to the existing set. 
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H 3 

S2 □ 
ARDY □ 
CLKOUT □ 
RESET □ 
X2 □ 
XI □ 
Vss □ 
AL E/QSO □ 
RD/QSMD □ 
WR/QS1 □ 
BHE □ 
A19/S6 □ 
A18/S5 □ 
A17/S4 □ 
A16/S3 


c 

c 

c= 

c 

1= 

1= 

t= 

n 

c 

c 

c 

c 

c 

□ 


/ 

LCS 

PCS6 /A2 

PCS5 /A1 

PCS4 

PCS3 

PCS2 

PCS1 

Vss 

pes o 

TMR OUT 1 
TMR OUT 0 
TMR IN 1 
TMR IN 0 


^lnn n n n n n nn nn n nnn rf 


QDRQ1 
DRQO 


PIN NO. 1 MARK- 


Figure 2. 80186 Pinout Diagram 


Table 1. 80186 Pin Description 





Name and Function 

o 

o 

> 

1 

9, 43 

■■ 

System Power: + 5 volt power supply. 

V SS> V SS 

26,60 

1 

System Ground. 

RESET 

* 

57 

O 

Reset Output indicates that the 801 86 CPU ic being reset, and can be used as a system 
reset. It is active HIGH, synchronized with the processor clock, and lasts an integer 
number of clock periods corresponding to the length of the RES signal. 

XI, X2 

59,58 

1 

Crystal Inputs, XI and X2, provide an external connection for a fundamental mode 
parallel resonant crystal for the internal crystal oscillator. XI can interface to an 
external clock instead of a crystal. In this case, minimize the capacitance on X2 or 
drive X2 with complemented XI. The input or oscillator frequency is internally divided 
by two to generate the clock signal (CLKOUT). 

CLKOUT 

56 

0 

Clock Output provides the system with a 50% duty cycle waveform. All device pin 
timings are specified relative to CLKOUT. CLKOUT has sufficient MOS drive capabilities 
for the 8087 Numeric Processor Extension. 

RES 

24 

1 

System Reset causes the 801 86 to immediately terminate its present activity, clear the 
internal logic, and enter a dormant state. This signal may be asynchronous to the 
80186 clock. The 80186 begins fetching instructions approximately 7 clock cycles 
after RES is returned HIGH. RES is required to be LOW for greater than 4 clock 
cycles and is internally synchronized. For proper initialization, the LOW-to-HIGH transi- 
tion of RES must occur no sooner than 50 microseconds after power up. This, input 
is provided with a Sch mitt-trigger to facilitate power-on RES generation via an RC 
network. When RES occurs, the 80186 will drive the status lines to an inactive level 
for one clock, and then tri-state them. 


T 
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Table 1. 80186 Pin Description (Continued) 


Name and Function 

TEST is examined by the WAIT instruction If the TEST input i s HIG H when 
“WAIT” execution begins, instruction execution will suspend TEST will be 
resampled until it goes LOW, at which ti me exe cution will resume. If interrupts 
areenabled while the 80186 is waiting for TEST, interrupts will be serviced. This 
input is synchronized internally. 

Timer Inputs are used either as clock or control signals, depending upon the 
programmed timer mode. These inputs are active HIGH (or LOW-to-HIGH 
transitions are counted) and internally synchronized 

Timer outputs are used to provide single pulse or continuous waveform gener- 
ation, depending upon the timer mode selected. 

DMA Request is driven HIGH by an external device when it desires that a 
DMA channel (Channel 0 or 1) perform a transfer. These signals are active 
HIGH, level-triggered, and internally synchronized. 

Non-Maskable Interrupt is an edge-triggered input which causes a type 2 
interrupt. NMI is not maskable internally. A transition from a LOW to HIGH 
initiates the interrupt at the next instruction boundary NMI is latched inter- 
nally. An NMI duration of one clock or more will guarantee service. This input is 
internally synchronized. 

Maskable Interrupt Requests can be requested by strobing one of these pins. 
When configured as inputs, these pins are active HIGH. Interrupt Requests are 
synchronized internally. INT2 and INT3 may be configured via software to 
provide active-LOW interrupt-acknowledge output signals. All interrupt inputs 
may be configured via software to be either edge- or level-triggered. To ensure 
recognition, all interrupt requests must remain active until the interrupt is 
acknowleged. When iRMX mode is selected, the function of these pins 
changes (see Interrupt Controller section of this data sheet). 

Address Bus Outputs (16-19) and Bus Cycle Status (3-6) reflect the four most 
significant address bits during T-| . These signals are active HIGH. During T 2 , 
T 3 , Tyy, and T 4 , status information is available on these lines as encoded 
below: 



Low 

High 

S 6 

Processor Cycle 

DMA Cycle 


S3,S4, and S5 are defined as LOW during Tg-T^. 

Address/Data Bus (0-1 5) signals constitute the time mutiplexed memory or I/O 
address (T-|) and d ata 0 * 2 , T 3 , Tyy, and T 4 ) bus. The bus is active HIGH. Aq is 
analogous to BHE for the lower byte of the data bus, pins D 7 through Do- It is 
LOW during T-j when a byte is to be transferred onto the lower portion of the 
bus in memory or I/O operations. 

During T-j the Bus High Enable signal should be used to determine if d ata is to 
be enabled onto the most significant half of the data bus, pins D-js-Dq. BHE is 
LOW during T-| for read, write, and interrupt acknowledge cycles when a byte is 
to be transferred on the higher half of the bus. The S 7 st atus i nformation is 
available during Tg, T 3 , and T 4 . S 7 is logically equivalent to BHE. The signal is 
active LOW, and is tristated OFF during bus HOLD 


BHE and A0 Encodings 

BHE Value 

A0 Value 

Function 

0 

0 

Word Transfer 

0 

1 

Byte Transfer on upper half of data bus(D15-D8) 

1 

0 

Byte Transfer on lower half of data bus (D 7 -Dq) 

1 

1 

Reserved 

J 
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Table 1. 80186 Pin Description (Continued) 


Symbol 

Pin 

No. 

Type 

Name and Function 

ALE/QSO 

61 

0 

Address Latch Enable/Queue Status 0 is provided by the 80186 to latch the 
address into the 8282/8283 address latches. ALE is active HIGH. Addresses are 
guaranteed to be valid on the trailing edge of ALE. The ALE rising edge is 
generated off the rising edge of the CLKOUT immediately preceding T-| of the 
associated bus cycle, effectively one-half clock cycle earlier than in the stan- 
dard 8086. The trailing edge is generated off the CLKOUT rising edge in T-| as 
in the 8086. Note that ALE is never floated. 

WR/QS1 

63 

0 

Write Strobe/Queue Status 1 indicates that the data on the bus is to be written 
into a memory or an I/O device. WR is active for T 2 , T 3 , and Tyy of any write 
cycle. It is active LOW and floats during “HOLD.” It is driven HIGH for one clock 
during Reset, arid then floated. When the 80186 is in queue status mode, the 
ALE/QSO and WR/QS1 pins provide information about processor/instruction 
queue interaction. 




QS1 QS0 Queue Operation 




0 0 No queue operation 

0 1 First opcode byte fetched from the queue 

1 1 Subsequent byte fetched from the queue 

1 0 Empty the queue 

RD/QSMD 

62 

0 

Read Strobe indicates that the 80186 is performing a memory or I/O read cycle. 
RD is active LOW for T 2 , T 3 , and T w of any read cycle. It is guaranteed not to go 
LOW in T 2 until after the Address Bus is floated. RD is active LOW, and floats 
during “HOLD.” RD is driven HIGH for one clock during Reset, and then the output 
driver is floated. A weak internal pull-up mechanism on the RD line holds it HIGH 
when the line is not driven. During RESET the pin is sampled to determine 
whether the 80186 should provide ALE, WR and RD, or if the Queue-Status should 
be provided. RD should be connected to GND to provide Queue-Status data. 

ARDY 

55 

1 

Asynchronous Ready informs the 80186 that the addressed memory space or I/O 
device will complete a data transfer. The ARDY input pin will accept an 
asynchronous input, and is active HIGH. Only the rising edge is internally 
synchronized by the 80186. This means that the falling edge of ARDY must be 
synchronized to the 80186 clock. If connected to V cc , no WAIT states are inserted. 
Asynchronous ready (ARDY) or synchronous ready (SRDY) must be active to 
terminate a bus cycle. If unused, this'line should be tied LOW. 

SRDY 

49 

1 

Synchronous Ready must be synchronized externally to the 80186. The use of 
SRDY provides a relaxed system-timing specification on the Ready input. This is 
accomplished by eliminating the one-half clock cycle which is required for 
internally resolving the signal level when using the ARDY input. This line is active 
HIGH. If this line is connected to Vcc. no WAIT states are inserted. Asynchronous 
ready (ARDY) or synchronous ready (SRDY) must be active before a bus cycle is 
terminated. If unused, this line should be tied LOW. 

LOCK 

48 

0 

LOCK output indicates that other system bus masters are not to gain control of 
the system bus while LOCK is active LOW. The LOCK signal is requested by the 
LOCK prefix instruction and is activated at the beginning of the first data cycle 
associated with the instruction following the LOCK prefix. It remains active 
until the completion of the instruction following the LOCK prefix. No pre- 
fetches will occur while LOCK is asserted. LOCK is active LOW, is driven HIGH 
for one clock during RESET, and then floated. 
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Table 1. 80186 Pin Description (Continued) 


Symbol 


Pin 

No. 


Type 


Name and Function 


S0,S1,S2 


52-54 


Bus cycle status S0-S2 are encoded to provide bus-transaction information: 


80186 Bus Cycle Status Information 

S2 

SI 

so 

Bus Cycle Initiated 

0 

0 

0 

Interrupt Acknowledge 

0 

0 

1 

Read I/O 

0 

1 

0 

Write I/O 

0 

1 

1 

Halt 

1 

0 

0 

Instruction Fetch 

1 

0 

1 

Read Data from Memory 

1 

1 

0 

Write Data to Memory 

1 

1 

1 

Passive (no bus cycle) 


The status pins float during “HOLD.” 

S2 may be used as a logical M/IO indicator, and Si as a DT/R indicator. 

The status lines are driven HIGH for one clock during Reset, and then floated 
. ntil a bus cycle begins. 


HOLD (input) 
HLDA (output) 


50 

51 


I 

O 


HOLD indicates that another bus master is requesting the local bus. The 
HOLD input is active HIGH. HOLD may be asynchronous with respect to the 
80186 clock. The 80186 will issue a HLDA (HIGH) in response to a HOLD 
request at the end of T 4 or Ti. Simultaneous with the issuance of HLDA, the 
80186 will float the local bus and control lines. After HOLD is detected as 
being LOW, the 80186 will lower HLDA. When the 80186 needs to run 
another bus cycle, it will again drive the local bus and control lines. 


UCS 


34 


Upper Memory Chip Select is an active LOW output whenever a memory 
reference is made to the defined upper portion (1K-256K block) of m emo ry. 
This line is not floated during bus HOLD. The address range activating UCS is 
software programmable. 


LCS 


33 


Lower Memory Chip Select is active LOW whenever a memory reference is 
made to the defined lower portion (1K-256K) of memory. Thi s line is not 
floated during bus HOLD. The address range activating LCS is software 
programmable. 


MCSO-3 


38,37,36,35 


Mid-Range Memory Chip Select signals are active LOW when a memory 
reference is made to the defined\mid-range portion of memory (8K-512K). 
These lines are not floated during bus HOLD. The address ranges activating 
MCSO-3 are software programmable. 


peso 

PCS1-4 


25 

27,28,29,30 


O 

O 


Peripheral Chip Select signals 0-4 are active LOW when a reference is made to 
the defined peripheral area (64K byte I/O space). The se line s are not floated 
during bus HOLD. The address ranges activating PCSO-4 are software 
programmable. 


PCS5/A1 


31 


Peripheral Chip Select 5 or Latched A1 may be programmed to provide a sixth 
peripheral chip select, or to provide an internally latched A1 signal. The 
address range activating PCS5 is sof tware programmable. When programmed 
to provide latched A1, rather than PCS5, this pin will retain the previously 
latched value of A1 during a bus HOLD. A1 is active HIGH. 


PCS6/A2 


32 


Peripheral Chip Select 6 or Latched A2 may be programmed to provide a 
seventh peripheral chip select, or to provide an internally latched A2 signal. 
The address range activating PCS6 is softwa re pro grammable. When pro- 
grammed to provide latched A2, rather than PCS6, this pin will retain the 
previously latched value of A2 during a bus HOLD. A2 is active HIGH. 


DT/R 


40 


Data Transmit/Receive controls the direction of data flow through the external 
8286/8287 data bus transceiver. When LOW, data is transferred to the 80186. 
When HIGH the 80186 places write data on the data bus. 


DEN 


39 


Data Enable is provided as an 8286/8287 data bus tra nsceiv er output enable. 
DENjs active LOW during each memory and I/O access. DEN is HIGH whenever 
DT/R changes state. 
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FUNCTIONAL DESCRIPTION 
Introduction 

The following Functional Description describes the 
base architecture of the iAPX 186’ This architecture 
is common to the iAPX 86, 88, and 286 microproces- 
sor families as well. The iAPX 186 is a very high 
integration 16-bit microprocessor. It combines 15-20 
of the most common microprocessor system compo- 
nents onto one chip while providing twice the perfor- 
mance of the standard iAPX 86. The 80186 is object 
code compatible with the iAPX 86, 88 microproces- 
sors and adds 10 new instruction types to the exist- 
ing iAPX 86, 88 instruction set. 

IAPX 186 BASE ARCHITECTURE 

The iAPX 86, 88, 186, and 286 family all contain the 
same basic set of registers, instructions, and 
addressing modes. The 80186 processor is upward 
compatible with the 8086, 8088, and 80286 CPUs. 

Register Set 

The 80186 base architecture has fourteen registers 
as shown in Figures 3a and 3b. These registers are 
grouped into the following categories. 

General Registers 

Eight 16-bit general purpose registers may be used to 
contain arithmetic and logical operands. Four of these 
(AX, BX, CX, and DX) can be used as 16-bit registers or 
split into pairs of separate 8-bit registers. 


Segment Registers 

Four 16-bit special purpose registers select, at any 
given time, the segments of memory that ate immedi- 
ately addressable for code, stack, and data. (For 
usage, refer to Memory Organization.) 

Base and Index Registers 

Four of the general purpose registers may also be 
used to determine offset addresses of operands in 
memory. These registers may contain base ad- 
dresses or indexes to particular locations within a 
segment. The addressing mode selects the. specific 
registers for operand and address calculations. 

Status and Control Registers 

Two 16-bit special purpose registers record or alter 
certain aspects of the 80186 processor state. These 
are the Instruction Pointer Register, which contains 
the offset address of the next sequential instruction 
to be executed, and the Status Word Register, which 
contains status and control flag bits (see Figures 3a 
and 3b). 


Status Word Description 

The Status Word records specific characteristics of 
the result of logical and arithmetic instructions (bits 
0, 2, 4, 6, 7, and 1 1 ) and controls the operation of the 
80186 within a given operating mode (bits 8, 9, and 
10). The Status Word Register is 16-bits wide. The 
function of the Status Word bits is shown in Table 2. 


16-BH 

REGISTER 

NAME 


SPECIAL 

REGISTER 

FUNCTIONS 


BYTE 

ADDRESSABLE 

(8-BIT 

REGISTER 

NAMES 

SHOWN) 


7 07 0 


AX 

AH 

AL 

DX 

DH 

DL 

CX 

CH 

CL 

BX 

BH 

BL 

BP 


SI 


Dl 


SP 



15 0 


MULTIPLY/DIVIDE 
I/O INSTRUCTIONS 

LOOP/SHIFT/REPEAT/COUNT 

BASE REGISTERS 

INDEX REGISTERS 
STACK POINTER 


GENERAL 

REGISTERS 


CS 

DS 

SS 

ES 

SEGMENT REGISTERS 

15 0 

F 

IP 

STATUS AND CONTROL 
REGISTERS 


CODE SEGMENT SELECTOR 
DATA SEGMENT SELECTOR 
STACK SEGMENT SELECTOR 
EXTRA SEGMENT SELECTOR 


STATUS WORD 
INSTRUCTION POINTER 

■) 


Figure 3a. 80186 General Purpose Register Set 
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STATUS FLAGS 


PARITY 

2 1 

'0 

AUXILIARY CARRY 

ZERO 

SIGN 

OVERFLOW 

15 14 13 12 'HI 10 9 8 "7 ' 1 6 5 "4 3 1 

OF | PF | IF | TF | Sf | ZF KuyJ > N\\\\| * K\\\\l ■» 1 

f\WVJ INTEL RESERVED 

CONTROL FLAGS 

LE 

INTERRUPT ENAB 

DIRECTION FLAG 


Figure 3b. Status Word Format 


Table 2. Status Word Bit Functions 


Bit 

Position 

Name 

Function 

0 

CF 

Carry Flag — Set on high-order bit 
carry or borrow; cleared otherwise 

2 

PF 

Parity Flag — Set if low-order 8 bits 
of result contain an even number of 
1 -bits; cleared otherwise 

4 

AF 

Set on carry from or borrow to the 
low order four bits of AL; cleared 
otherwise 

6 

ZF 

Zero Flag-Set if result is zero; 
cleared otherwise 

7 

SF 

Sign Flag — Set equal to high-order 
bit of result (0 if positive, 1 if negative) 

8 

TF 

Single Step Flag — Once set, a sin- 
gle step interrupt occurs after the 
next instruction executes. TF is 
cleared by the single step interrupt. 

9 

IF 

Interrupt-enable Flag — When set, 
maskable interrupts will cause the 
CPU to transfer control to an inter- 
rupt vector specified location. 

10 

DF 

Direction Flag— Causes string 
instructions to auto decrement 
the appropriate index register 
when set. Clearing DF causes 
auto increment. 

11 

OF 

Overflow Flag — Set if the signed 
result cannot be expressed 
within the number of bits in the 
destination operand; cleared 
otherwise 


manipulation, control transfer, high-level instruc- 
tions, and processor control. These categories are 
summarized in Figure 4. 

An 80186 instruction can reference anywhere from 
zero to several operands. An operand can reside in a 
register, in the instruction itself, or in memory. Spe- 
cific operand addressing modes are discussed later 
in this data sheet. 

Memory Organization 

Memory is organized in sets of segments. Each seg- 
ment is a linear contiguous sequence of up to 64K 
(2 16 ) 8-bit bytes. Memory is addressed using a two- 
component address (a pointer) that consists of a 
16-bit base segment and a 16-bit offset. The 16-bit 
base values are contained in one of four internal 
segment registers (code, data, stack, extra). The 
physical address is calculated by shifting the base 
value LEFT by four bits and adding the 16-bit offset 
value to yield a 20-bit physical address (see Figure 5). 
This allows for a 1 MByte physical address size. 

All instructions that address operands in memory 
must specify the base segment and the 16-bit offset 
value. For speed and compact instruction encoding, 
the segment register used for physical address gen- 
eration is implied by the addressing mode used (see 
Table 3). These rules follow the way programs are 
written (see Figure 6) as independent modules that 
require areas for code and data, a stack, and access 
to external data areas. 


Instruction Set Special segment override instruction prefixes allow 

the implicit segment register selection rules to be 
The instruction set is divided into seven categories: overridden for -special cases. The stack, data, and 

data transfer, arithmetic, shift/rotate/logical, string extra segments may coincide for simple programs. 

\ 
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GENERAL PURPOSE 


Move byte or word 


Push word onto stack 


Pop word off stack 


Push all registers on stack 


Pop all registers from stack 


Exchange byte or word 


Translate byte 


INPUT/OUTPUT 


Input byte or word 


Output byte or word 


ADDRESS OBJECT 

| Load effective address 
Load pointer using DS 


I Load pointer using ES 

FLAG TRANSFER 


Load AH register from flags 


Store AH register in flags 


Push flags onto stack 


Pop flags off stack 


ADDITION 

Add byte or word 


Add byte or word with carry 


Increment byte or word by 1 

ASCII adjust for addition 


Decimal adjust for addition 

SUBTRACTION 

Subtract byte or word 

Subtract byte or word with borrow 


Decrement byte or word by 1 


Negate byte or word 


Compare byte or word 


ASCII adjust for subtraction 




Multiply byte or word unsigned 


Integer multiply byte or word 


ASCII adjust for multiply 


Divide byte or word unsigned 


Integer divide byte or word 


ASCII adjust for division 


Convert byte to word 


Convert word to doubleword 


OUTS 

CMPS 


SCAS 


LODS 


STOS 


REP 


REPE/REPZ 


REPNE/REPNZ 


Move byte or word string 


Input bytes or word string 


Output bytes or word string 


Compare byte or word string 


Scan byte or^ word string 


Load byte or word string 

Store byte or word string 

Repeat 


Repeat while equal/zero 


Repeat while not equal/not zero 



SHL/SAL 


_SHR 
S 



ROL 


ROR 


RCL 


RCR 


LOGICALS 


“Not” byte or word 


“And” byte or word 


“Inclusive or” byte or word 


“Exclusive or” byte or word 

“Test” byte or word 

SHIFTS 

Shift logical/arithmetic left byte or word 


Shift logical right byte or word 


Shift arithmetic right byte or word 


ROTATES 


Rotate left byte or word 

Rotate right byte or word 


Rotate through carry left byte or word 


Rotate through carry right byte or word 




FLAG OPERATIONS 


Set carry flag 


Clear carry flag 


Complement carry flag 


Set direction flag 


Clear direction flag 


Set interrupt enable flag 


Clear interrupt enable flag 


EXTERNAL SYNCHRONIZATION 

j Halt until interrupt or reset 


Wait for TEST pin active 


Escape to extension processor 


Lock bus during next instruction 


NO OPERATION 


No operation 


HIGH LEVEL INSTRUCTIONS 


Format stack for procedure entry 


Restore stack for procedure exit 


Detects values outside prescribed range 


Figure 4. iAPX 186 Instruction Set 
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CONDITIONAL TRANSFERS “1 

UNCONDITIONAL TRANSFERS | 


Jump if above/not below nor equal 

CALL 

Call procedure 


Jump if above or equal/not below 

RET 

Return from procedure 


Jump if below/not above nor equal 

JMP 

Jump 


Jump if below or equal/not above 

JC 

Jump if carry 

ITERATION CONTROLS 1 

JE/JZ 

Jump if equal/zero 

LOOP 

Loop 

WIcWHi 

Jump if greater/not less nor equal 


Jump if greater or equal/not less 

LOOPE/LOOPZ 

Loop if equal/zero 

| JL/JNGE 

Jump if less/not greater nor equal 

LOOPNE/LOOPNZ 

Loop if not equal/not zero 


Jump if less or equal/not greater 

JCXZ 

Jump if register CX = 0 

JNC 

Jump if not carry 

JNE/JNZ 

Jump if not equal/not zero 

INTERRUPTS | 

JNO 

Jump if not overflow 

INT 

Interrupt 

JNP/JPO 

Jump if not parity/parity odd 


Jump if not sign 

INTO 

Interrupt if overflow 


Jump if overflow 

IRET 

Interrupt return 


Jump if parity/parity even 


Jump if sign 


Figure 4. iAPX 186 Instruction Set (continued) 


To access operands that do not reside in one of the 
four immediately available segments, a full 32-bit 
pointer can be used to reload both the base (seg- 
ment) and offset values. 


SHiFTLEFT.mrsp— "' 3 , IsegmemI 

EZ 

3 4 0 1 p j | ADDRESS 

19 


* EE 

TTTp — ’im 5 

15 

♦ 0 

= L 2 

3 6 2 J PHYSICAL ADDRESS 

19 

"1 “ 

TO MEMORY 


Figure 5. Two Component Address 


Table 3. Segment Register Selection Rules 


Memory 

Reference 

Needed 

Segment 

Register 

Used 

Implicit Segment 
Selection Rule 

Instructions 

Code (CS) 

Instruction prefetch and 
immediate data. 

Stack 

Stack (SS) 

All stack pushes and 
pops; any memory refer- 
ences which use BP Reg- 
ister as a base register. 

External 

Data 

(Global) 

Extra (ES) 

All string instruction 
references which use 
the Dl register as an 
index. 

Local Data 

Data (DS) 

All other data references. 



PROCESS 
DATA 
BLOCK 2 


MEMORY 


Figure 6. Segmented Memory Helps 
Structure Software 
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Addressing Modes 

The 80186 provides eight categories of addressing 
modes to specify operands. Two addressing modes 
are provided for instructions that operate on register 
or immediate operands: 

• Register Operand Mode: The operand is located in 
one of the 8- or 16-bit general registers. 

• Immediate Operand Mode: The operand is in- 
cluded in the instruction. 

Six modes are provided to specify the location of an 
operand in a memory segment. A memory operand 
address consists of two 16-bit components: a seg- 
ment base and an offset. The segment base is sup- 
plied by a 16-bit segment register either implicity 
chosen by the addressing mode or explicitly chosen 
by a segment override prefix. The offset, also called 
the effective address, is calculated by summing any 
combination of the following three address 
elements: 

• the displacement (an 8- or 16-bit immediate value 
cdntained in the instruction); 

• the base (contents of either the BX or BP base 
registers); and 

• the index (contents of either the SI or Dl index 
registers). 

Any carry out from the 16-bit addition is ignored. 
Eight-bit displacements are sign extended to 16-bit 
values. 

Combinations of these three address elements 
define the six memory addressing modes, described 
below. 

• Direct Mode: The operand’s offset is contained in 
the instruction as an 8- or 16-bit displacement 
element. 

• Register Indirect Mode: The operand’s offset is in 
one of the registers SI, Dl, BX, or BP. 

• Based Mode: The operand’s offset is the sum of an 
8- or 16-bit displacement and the contends of a 
base register (BX or BP). 

• Indexed Mode: The operand’s offset is the sum of 
an 8- or 1 6-bit displacement and the contents of an 
index register (SI or Dl). 

• Based Indexed Mode: The operand’s offset is the 
sum of the contents of a base register and an index 
register. 

• Based Indexed Mode with Displacement: The 
operand’s offset is the sum of a base register’s 
contents, an index register’s contents, and an 8- or 
16-bit displacement. 


Data Types 

The 801 86 directly supports the following datatypes: 

• Integer: A signed binary numeric value contained 
in an 8-bit byte or a 16-bit word. All operations 
assume a 2’s complement representation. Signed 

32- and 64-bit integers are supported using the 
iAPX 186/20 Numeric Data Processor. 

• Ordinal: An unsigned binary numeric value con- 
tained in an 8-bit byte or a 16-bit word. 

• Pointer: A 16- or 32-bit quantity, composed of a 
16-bit offset component or a 16-bit segment base 
component in addition to a 16-bit offset 
component. 

• String: A contiguous sequence of bytes or words. 
A string may contain from 1 to 64K bytes. 

• ASCII: A byte representation of alphanumeric and 
control characters using the ASCII standard of 
character representation. 

• BCD: A byte (unpacked) representation of the de- 
cimal digits 0-9. 

• Packed BCD: A byte (packed) representation of 
two decimal digits (0-9). One digit is stored in each 
nibble (4-bits) of the byte. 

• Floating Point: A signed 32-, 64-, or 80-bit real 
number representation. (Floating point operands 
are supported using the iAPX 186/20 Numeric Data 
Processor configuration.) 

In general, individual data elements must fit within 
defined segment limits. Figure 7 graphically 
represents the data types supported by the iAPX 1 86. 

I/O Space 

The I/O space consists of 64K 8-bit or 32K 16-bit 
ports. Separate instructions address the I/O space 
with either an 8-bit port address, specified in the 
instruction, or a 16-bit port address in the DX regis- 
ter. 8-bit port addresses are zero extended such that 
Ai 5 -A 8 are LOW. I/O port addresses 00F8(H) through 
00FF(H) are reserved. 

Interrupts 

An interrupt transfers execution to a new program 
location. The old program address (CS:IP) and ma- 
chine state (Status Word) are saved on the stack to 
allow resumption of the interrupted program. Inter- 
rupts fall into three classes: hardware initiated, INT 
instructions, and instruction exceptions. Hardware 
initiated interrupts occur in response to an external 
input and are classified as non-maskable or 
maskable. 
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Programs may cause an interrupt with an INT in- 
struction. Instruction exceptions occur when an un- 
usual condition, which prevents further instruction 
processing, is detected while attempting to execute 
an instruction. If the exception was caused by ex- 
ecuting an ESC instruction with the ESC trap bit set 
in the relocation register, the return instruction will 
point to the ESC instruction, or to the segment over- 
ride prefix immediately preceding the ESC instruc- 
tion if the prefix was present. In all other cases, the 
return address from an exception will point at the 
instruction immediately following the instruction 
causing the exception. 


A table containing up to 256 pointers defines the 
proper interrupt service routine for each interrupt. 
Interrupts 0-31, some of which are used for instruc- 
tion exceptions, are reserved. Table 4 shows the 
80186 predefined types and default priority levels. 
For each interrupt, an 8-bit vector must be supplied 
to the 80186 which identifies the appropriate table 
entry. Exceptions supply the interrupt vector inter- 
nally. In addition, internal peripherals and non- 
cascaded external interrupts will generate their own 
vectors through the internal interrupt controller. INT 
instructions contain or imply the vector and allow 
access to all 256 interrupts. Maskable hardware in- 
itiated interrupts supply the 8-bit vector to the CPU 
during an interrupt acknowledge bus sequence. 
Non-maskable hardware interrupts use a predefined 
internally supplied vector. 


Interrupt Sources 

The 80186 can service interrupts generated by soft- 
ware or hardware. The software interrupts are 
generated by specific instructions (INT, ESC, unused 
OP, etc.) or the results of conditions specified by 
instructions (array bounds check, INTO, DIV, IDIV, 
etc.). All interrupt sources are serviced by an indirect 
call through an element of a vector table. This vector 
table is indexed by using the interrupt vector type 
(Table 4), multiplied by four. All hardware-generated 
interrupts are sampled at the end of each instruction. 
Thus, the software interrupts will begin service first. 
Once the service routine is entered and interrupts 
are enabled, any hardware source of sufficient 
priority can interrupt the service routine in progress. 

The software generated 80186 interrupts are 
described below. 

DIVIDE ERROR EXCEPTION (TYPE 0) 

Generated when a DIV or IDIV instruction quotient 
cannot be expressed in the number of bits in the 
Figure 7. iAPX 186 Supported Data Types destination. 


"SSSfFT™! 


MAGNITUDE 


UNSIGNED I | | | I 1 | |l 
BYTE | I | 

iLMSB I 


I 1 7 T 'T' jT T" T " | " TTT~j 


SIGNED nm TTTTTTTTTTn 
WORD | 

SIGN BIT J i 1 - MSB 


SIGNED 3i_ 
DOUBLE 
WORD* 

SIGN BIT- . -MSB 


MAGNITUDE 

+ 3 +2 


E | j I I | I I I | I I I | I I I | I I I | I I I | I I I | I iTj 


MAGNITUDE 

+ 7 +6 +5 +4 +3 +2 +1 0 

SIGNED 63 48 47 32 31 16 15 

QUAD [] 

WORD* |J_ 


SIGN BIT- 1 ! 1 - MSB 


I I I I I I 


UNSIGNED I "1 ll|lll|lll||||' 
WORD 


1 1 r 1 1 1 1 1 • 1 1 1 1 1 

iL-msb l 


MAGNITUDE 


CODED 
DECIMAL l 
(BCD) 


i | i m J ^ # ^ | I I I [ I I I j I I I j I ITj 


BCD 
DIGIT N 


BCD BCD 

DIGIT 1 DIGIT 0 


I j i I i j # # b | I I I | I i TJT I i | I fTj 


ASCII 
CHARACTER N 


pac bcd r 1 


ACpil ACpl| 

CHARACTER CHARACTERo 

o 0 


N 0 7 +1 0 

jTTTjj p iT J TTTJTTT jTlTj 


MOST 

SIGNIFICANT DIGIT 


LEAST 
SIGNIFICANT DIGIT 


[rnp 


BYTE/WORD N 


pr i | rrrp 1 1 ] i n ~ | 

BYTE/WORD 1 BYTE WORD 0 
16 15 


p"iT | T i T j rrr j' TTr j T rr | r n | " r rr | T7 r~j 


FLOATING I 
POINT* 


SELECTOR OFFSET 

g +9 +8 +7 +6 +5 +4 +3 +2 +1 0 q 

□ [ 1 I 1 1 1 1 11 


EXPONENT 


MAGNITUDE 


NOTE: 

‘SUPPORTED BY iAPX 186/20 NUMERIC DATA PROCESSOR 
CONFIGURATION. 
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Table 4. 80186 Interrupt Vectors 


Interrupt Name 

Vector 

Type 

Default 

Priority 

Related 

Instructions 

Divide Error 

0 

*1 

DIV, IDIV 

Exception 




Single Step 

1 

12**2 

All 

Interrupt 




NMI 

2 

1 

All 

Breakpoint 

3 

*1 

INT 

Interrupt 




INTO Detected 

4 

*1 

INTO 

Overflow 

Exception 




Array Bounds 

5 

*1 

BOUND 

Exception 




Unused-Opcode 

6 

*1 

Undefined 

Exception 
ESC Opcode 

7 

*1*** 

Opcodes 
ESC Opcodes 

Exception 




Timer 0 Interrupt 

8 

2A**** 


Timer 1 Interrupt 

18 

2B**** 


Timer 2 Interrupt 

19 

2C**** 


Reserved 

9 

3 . 


DMA 0 Interrupt 

10 

4 


DMA 1 Interrupt 

11 

5 


INTO Interrupt 

12 

6 


INTI Interrupt 

13 

7 


INT2 Interrupt 

14 

8 


INT3 Interrupt 

15 

9 



NOTES: 

*1. These are generated as the result of an instruction 
execution. 

**2. This is handled as in the 8086. 

****3. All three timers constitute one source of request to the 
interrupt controller The Timer interrupts all have the same 
default priority level with respect to all other interrupt 
sources. However, they have a defined priority ordering 
amongst themselves (Priority 2A is higher priority than 
2B.) Each Timer interrupt has a separate vector type 
number. 

4. Default priorities for the interrupt sources are used only if 
the user does not program each source into a unique 
priority level. 

***5. An escape opcode will cause a trap only if the proper bit is 
set in the peripheral control block relocation register. 


SINGLE-STEP INTERRUPT (TYPE 1) 

Generated after most instructions if the TF flag is set. 
Interrupts will not be generated after prefix instruc- 
tions (e.g., REP), instructions which modify segment 
registers (e.g., POP DS), or the WAIT instruction. 

NON-MASKABLE INTERRUPT — NMI (TYPE 2) 

An external interrupt source which cannot be 
masked. 


INTO DETECTED OVERFLOW EXCEPTION 
(TYPE 4) 

Generated during an INTO instruction if the OF bit is 
set. 

ARRAY BOUNDS EXCEPTION (TYPE 5) 

Generated during a BOUND instruction if the array 
index is outside the array bounds. The array bounds 
are located in memory at a location indicated by one 
of the instruction operands. The other operand indi- 
cates the value of the index to be checked. 

UNUSED OPCODE EXCEPTION (TYPE 6) 

Generated if execution is attempted on undefined 
opcodes. 

ESCAPE OPCODE EXCEPTION (TYPE 7) 

Generated if execution is attempted of ESC opcodes 
(D8H-DFH). This exception will only be generated if a 
bit in the relocation register is set. The return ad- 
dress of this exception will point to the ESC instruc- 
tion causing the exception. If a segment override 
prefix preceded the ESC instruction, the return ad- 
dress will point to the segment override prefix. 

Hardware-generated interrupts are divided into two 
groups: maskable interrupts and non-maskable in- 
terrupts. The 80186 provides maskable hardware in- 
terrupt request pins INT0-INT3. In addition, 
maskable interrupts may be generated by the 80186 
integrated DMA controller ancj the integrated timer 
unit. The vector types for these interrupts is shown in 
Table 4. Software enables these inputs by setting the 
interrupt flag bit (IF) in the Status Word. The interrupt 
controller is discussed in the peripheral section of 
this data sheet. 

Further maskable interrupts are disabled while 
servicing an interrupt because the IF bit is reset as 
part of the response to an interrupt or exception. The 
saved Status Word will reflect the enable status of the 
processor prior to the interrupt. The interrupt flag 
will remain zero unless specifically set. The interrupt 
return instruction restores the Status Word, thereby 
restoring the original status of IF bit. If the interrupt 
return re-enables interrupts, and another interrupt is 
pending, the 80186 will immediately service the 
highest-priority interrupt pending, i.e., no instruc- 
tions of the main line program will be executed. 

Non-Maskable Interrupt Request (NMI) 


BREAKPOINT INTERRUPT (TYPE 3) A non-maskable* interrupt (NMI) is also provided. 

A one-byte version of the INT instruction. It uses 12 This ihterrupt is serviced regardless of the state of 

as an index into the service routine address table the IF bit. A typical use of NMI would be to activate a 

(because it is a type 3 interrupt). power failure routine. The activation of this input 
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causes an interrupt with an internally supplied vector 
value of 2. No external interrupt acknowledge se- 
quence is performed. The IF bit is cleared at the 
beginning of an NMI interrupt to prevent maskable 
interrupts from being serviced. 

Single-Step Interrupt 

The 80186 has an internal interrupt that allows pro- 
grams to execute one instruction at a time. It is called 
the single-step interrupt and is controlled by the 
single-step flag bit (TF) in the Status Word. Once this 
bit is set, an internal single-step interrupt will occur 
after the next instruction has been executed. The 
interrupt clears the TF bit and uses an internally 
supplied vector of 1. The IRET instruction is used to 
set the TF bit and transfer control to the next instruc- 
tion to be single-stepped. 

Initialization and Processor Reset 

Processor initialization or startup i s acc omplished 
by driving the RES input pin LOW. RES forces the 
80186 to terminate all execution and local bus ac- 
tivity. No instruction or bus activity will occur as long 
as RES is active. After RES becomes inactive and an 
internal processing interval elapses, the 80186 
begins execution with the instruction at physical lo- 
cation FFFFO(H). RES also sets some registers to 
predefined values as shown in Table 5. 


Table 5. 80186 Initial Register State after RESET 


Status Word 

F002(H) 

Instruction Pointer 

0000(H) 

Code Segment 

FFFF(H) 

Data Segment 

0000(H) 

Extra Segment 

0000(H) 

Stack Segment 

0000(H) 

Relocation Register 

20FF(H) 

UMCS 

FFFB(H) 


iAPX 186 CLOCK GENERATOR 


recommended with this oscillator. If an external oscil- 
lator is used, it can be connected directly to input pin 
XI in lieu of a crystal. The output of the oscillator is 
not directly available outside the iAPX 186. The 
recommended crystal configuration is shown in 
Figure 8. 



X 


20pF 


I 1 x MHz CRYSTAL 

20pF 


80186 (8 MHz) 

16 

80186-6 (6 MHz) 

12 


Figure 8. Recommended iAPX 186 Crystal 
Configuration 

The following parameters may be used for choosing a 
crystal: 


Temperature Range: 

ESR (Equivalent Series Resistance): 
Cq (Shunt Capacitance of Crystal): 
Ci (Load Capacitance): 

Drive Level: 


0 to 70° C 
30fi max 

7.0 pf max 
20 pf ± 2 pf 

1 mw max 


Clock Generator 

The iAPX 186 clock generator provides the 50% duty 
cycle processor clock for the iAPX 186. It does this by 
dividing the oscillator output by 2 forming the sym- 
metrical clock. If an external oscillator is used, the 
state of the clock generator will change on the falling 
edge of the oscillator signal. The CLKOUT pin pro- 
vides the processor clock signal for use outside the 
iAPX 186. This may be used to drive other system 
components. All timings are referenced to the output 
clock. 


The iAPX 186 provides an on-chip clock generator 
for both internal and external clock generation. The 
clock generator features a crystal oscillator, a divide- 
by-two counter, synchronous and asynchronous 
ready inputs, and reset circuitry. 

Oscillator 

The oscillator circuit of the iAPX 186 is designed to 
be used with a parallel resonant fundamental mode 
crystal. This is used as the time base for the iAPX 186. 
The crystal frequency selected will be double the 
CPU clock frequency. Use of an LC or RC circuit is not 


READY Synchronization 

The iAPX 186 provides both synchronous and asyn- 
chronous ready inputs. Asynchronous ready syn- 
chronization is accomplished by circuitry which 
samples ARDY in the middle of T 2 , T 3 and again in 
the middle of each T w until ARDY is sampled 
HIGH. One-half CLKOUT cycle of resolution time is 
used. Full synchronization is performed only on the 
rising edge of ARDY, i.e., the falling edge of ARDY 
must be synchronized to the CLKOUT signal if it 
will occur during T 2 , T 3 or T w . High-to-LOW transi- 
tions of ARDY must be performed synchronously 
to the CPU clock. 
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A second ready input (SRDY) is provided to inter- 
face with externally synchronized ready signals. 
This input is sampled at the end of T 2 , T3 and again 
at the end of each T w until it is sampled HIGH. By 
using this input rather than the asynchronous 
ready input, the half-clock cycle resolution time 
penalty is eliminated. 

This input must satisfy set-up and hold times to 
guarantee proper operation of the circuit. 

In addition, the iAPX 186, as part of the integrated 
chip-select logic, has the capability to program WAIT 
states for memory and peripheral blocks. This is dis- 
cussed in the Chip Select/Ready Logic description. 

RESET Logic 

The iAPX 186 provides both a RES input pin and a 
synchronized RE SET p in for use with other system 
components. The RES input pin on the iAPX 186 is 
provided with hysteresis in order to facilitate power- 
on Reset generation via an RC network. RESET is 
guarant eed to remain active for at least five clocks 
given a RES input of at least six clocks. RESET may 
be d elayed up to two and one-half clocks behind 
RES. 

Multiple iAP X 186 processors may be synchronized 
through the RES input pin, since this input resets 
both the processor and divide-by-two internal count- 
er in the clock generator. In order to insure that the 
divide-by-two counters all begin coun ting at the 
same time, the active going edge of RES must satisfy 
a 25 ns setup time before the falling edge of the 
80186 clock input. In addition, in order to insure that 
all CPUs begin executing in the same clock cycle, the 
reset must satisfy a 25 ns setup time before the rising 
edge of the CLKOUT signal of all the processors. 

LOCAL BUS CONTROLLER 

The iAPX 186 provides a local bus controller to 
generate the local bus control signals. In addition, it 
employs a HOLD/HLDA protocol for relinquishing 
the local bus to other bus masters. It also provides 
control lines that can be used to enable external 
buffers and to direct the flow of data on and off the 
local bus. 

Memory/Peripheral Control 

The iAPX 186 provides ALE, RD, and WR bus control 
signals. The RD and WR signals are used to strobe 
data from memory to the iAPX 186 or to strobe data 
from the iAPX 186 to memory. The ALE line provides 
a strobe to address latches for the multiplexed ad- 
dress/data bus. The iAPX 186^ local bus controller 
does not provide a memory/I/O signal. If this is re- 
quired, the user will have to use the S2 signal (which 
will require external latching), make the memory and 
I/O spaces nonoverlapping, or use only the in- 
tegrated chip-select circuitry. 


Transceiver Control 

The iAPX 186 generates two control signals to be 
connected to 8286/8287 transceiver chips. This capa- 
bility allows the addition of transceivers for extra 
buffering without adding external logic. These con- 
trol lines, DT/R and DEN, are generated to control the 
flow of data through the transceivers. The operation 
of these signals is shown in Table 6. 


Table 6. Transceiver Control Signals Description 


Pin Name 

Function 

DEN (Data Enable) 

DT/R (Data Transmit/ 
Receive) 

Enables the output drivers of 
the transceivers. It is active 
LOW during memory, I/O, or 
INTA cycles. 

Determines the direction of 
travel through the transceivers. 
A HIGH level directs data away 
from the processor during write 
operations, while a LOW level 
directs data toward the proces- 
sor during a read operation. 


Local Bus Arbitration 

The iAPX 186 uses a HOLD/HLDA system of local bus 
exchange. This provides an asynchronous bus ex- 
change mechanism. This means multiple masters 
utilizing the same bus can operate at separate clock 
frequencies. The iAPX 186 provides a single 
HOLD/HLDA pair through which all other bus mas- 
ters may gain control of the local bus. This requires 
external circuitry to arbitrate which external device 
will gain control of the bus from the iAPX 186 when 
there is more than one alternate local bus master. 
When the iAPX 186 relinquishes control of the local 
bus, it floats DEN, RD, WR, SO- S2, LOCK, AD0- 
AD15, A16-A19, BHE, and DT/R to allow another 
master to drive these lines directly. 

The iAPX 186 HOLD latency time, i.e., the time be- 
tween HOLD request and HOLD acknowledge, is a 
function of the activity occurring in the processor 
when the HOLD request is received. A HOLD request 
is the highest-priority activity request which the pro- 
cessor may receive: higher than instruction fetching 
or internal DMA cycles. However, if a DMA cycle is in 
progress, the iAPX 186 will complete the transfer 
before relinquishing the bus. This implies that if a 
HOLD request is received just as a DMA transfer 
begins, the HOLD latency time can be as great as 4 
bus cycles. This will occur if a DMA word transfer 
operation is taking place from an odd address to an 
odd address. This is a total of 16 clocks or more, if 
WAIT states are required. In addition, if locked trans- 
fers are performed, the HOLD latency time will be 
increased by the length of the locked transfer. 
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Local Bus Controller and Reset 

Upon receipt of a RESET pulse from the RES input, 
the local bus controller will perform the following 
actions: 

• Drive DEN, RD, and WR HIGH for one clock cycle, 
then float. 

NOTE: RD is also provided with an internal pull-up 
device to prevent the processor from inadvertently 
entering Queue Status mode during reset. 

• Drive S0-S2 to the passive state (all HIGH) and 
then f loat. 

• Drive LOCK HIGH and th en flo at. _ 

• Tristate ADO-15, A16-19, BRE, DT/R. 

• Drive ALE LOW (ALE is never floated). 

• Drive HLDA LOW. 


INTERNAL PERIPHERAL INTERFACE 

All the iAPX 186 integrated peripherals are con- 
trolled via 16-bit registers contained within an inter- 
nal 256-byte control block. This control block may be 
mapped into either memory or I/O space. Internal 
logic will recognize the address and respond to the 
bus cycle. During bus cycles to internal registers, the 
bus controller will signal the operation externally 
(i.e., the RD, WR, status, address, data, etc., lines will 
be driven as in a normal bus cycle), but D 15 _o, SRDY, 
and ARDY will be ignored. The base address of the 
control block must be on an even 256-byte boundary 
(i.e., the lower 8 bits of the base address are all 
zeros). All of the defined registers within this control 
block may be read or written by the 80186 CPU at any 
time. The location of any register contained within 
the 256-byte control block is determined by the cur- 
rent base address of the control block. 

The control block base address is programmed via a 
16-bit relocation register contained within the con- 
trol block at offset FEH from the base address of the 
control block (see Figure 9). It provides the upper 12 
bits of the base address of the control block. Note 
that mapping the control register block into an ad- 
dress range corresponding to a chip-select range is 
not recommended (the chip select circuitry is dis- 
cussed later in this data sheet). In addition, bit 12 of 
this register determines whether the control block 
will be mapped into I/O or memory space. If this bit is 
1, the control block will be located in memory space, 
whereas if the bit is 0, the control block will be lo- 
cated in I/O space. If the control register block is 
mapped into I/O space, the upper 4 bits of the base 
address must be programmed as 0 (since I/O ad- 
dresses are only 16 bits wide). 


In addition to providing relocation information for 
the control block, the relocation register contains 
bits which place the interrupt controller into iRMX 
mode, and cause the CPU to interrupt upon en- 
countering ESC instructions. At RESET, the reloca- 
tion register is set to 20FFH. This causes the control 
block to start at FFOOH in I/O space. An offset map 
of the 256-byte control register block is shown in 
Figure 10. 

The integrated iAPX 186 peripherals operate semi- 
autonomously from the CPU. Access to them for the 
most part is via software read/write of the control and 
data locations in the control block. Most of these 
registers can be both read and written. A few 
dedicated lines, such as interrupts and DMA request 
provide real-time communication between the CPU 
and peripherals as in a more conventional system 
utilizing discrete peripheral blocks. The overall inter- 
action and function of the peripheral blocks has not 
substantially changed. 


CHIP-SELECT/READY GENERATION 
LOGIC 

The iAPX 186 contains logic which provides pro- 
grammable chip-select generation for both 
memories and peripherals. In addition, it can be pro- 
grammed to provide READY (or WAIT state) genera- 
tion. It can also provide latched address bits A1 and 
A2. The chip-select lines are active for all memory 
and I/O cycles in their programmed areas, whether 
they be generated by the CPU or by the integrated 
DMA unit. 

Memory Chip Selects 

The iAPX 186 provides 6 memory chip select outputs 
for 3 address areas: upper memory, lower memory, 
and midrange memory. One each is provided for up- 
per memory and lower memory, while four are pro- 
vided for midrange memory. 

The range for each chip select is user-programmable 
and can be set to 2K, 4K, 8K, 16K, 32K, 64K, 128K 
(plus 1 K and 256K for upper and lower chip selects). 
In addition, the beginning or base address of the 
midrange memory chip select may also be selected. 
Only one chip select may be programmed to be ac- 
tive for any memory location at a time. All chip select 
sizes are in bytes, whereas iAPX 186 memory is ar- 
ranged in words. This means that if, for example, 16 
64K x 1 memories are used, the memory block size 
will be 128K, not 64K. 
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15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

OFFSET: FEH | ET |RMx| X |m/Io| Relocation Address Bits R19-R8 

ET = ESC Trap / No ESC Trap (1/0) 

M/IO = Register block located in Memory / I/O Space (1/0) 

RMX = Master Interrupt Controller mode / IRMX compatible 
Interrupt Controller mode (0/1) 


Figure 9. Relocation Register 



OFFSET 


Relocation Register 

FEH 





DMA Descriptors Channel 1 

DAH 

D0H 





DMA Descriptors Channel 0 

CAH 

C0H 





Chip-Select Control Registers 

A8H 

A0H 





Timer 2 Control Registers 

66H 

60H 


Timer 1 Control Registers 

5EH 

58H 


Timer 0 Control Registers 

56H 

50H 





Interrupt Controller Registers 

3EH 

20H 




Figure 10. Internal Register Map 


Upper Memory CS 

The iAPX 186 provides a chip select, called UCS, for 
the top of memory. The top of memory is usually used 
as the system memory because after reset the iAPX 
186 begins executing at memory location FFFF0H. 


Table 7. UMCS Programming Values 


Starting 

Address 

(Base 

Address) 

Memory 

Block 

Size 

UMCS Value 
(Assuming 
R0=R1=R2=0) 

FFC00 

IK 

FFF8H 

FF800 

2K 

FFB8H 

FF000 

4K 

FF38H 

FE000 

8K 

FE38H 

FC000 

16K 

FC38H 

F8000 

32K 

F838H 

F0000 

64 K 

F038H 

E0000 

128K 

E038H 

coooo 

256K 

C038H 


The lower limit of this memory block is defined in the 
UMCS register (see Figure 11). This register is at 
offset A0H in the internal control block. The legal 
values for bits 6-13 and the resulting starting ad- 
dress and memory block sizes are given in Table 7. 
Any combination of bits 6-13 not shown in Table 7 
will result in undefined operation. After reset, the 
UMCS register is programmed for a IK area. It must 
be reprogrammed if a larger upper memory area is 
desired. 

Any internally generated 20-bit address whose upper 
16 bits are greater than or equal to UMCS (with bits 
0-5 “0”) will cause UCS to be activated. UMCS bits 
R2-R0 are used to specify READY mode for the area 
of memory defined by this chip-select register, as 
explained below. 

Lower Memory CS 

The iAPX 186 provides a chip select for low memory 
called LCS. The bottom of memory contains the inter- 
rupt vector table, starting at location 00000H. 


The upper limit of memory defined by this chip select The lower limit of memory defined by this chip select 

is always FFFFFH, while the lower limit is program- is always OH, while the upper limit is programmable, 

mable. By programming the lower limit, the size of By programming the upper limit, the size of the 

the select block is also defined. Table 7 shows the memory block is also defined. Table 8 shows the 

relationship between the base address selected and relationship between the upper address selected and 

the size of the memory block obtained. the size of the memory block obtained. 
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Table 8. LMCS Programming Values 


Upper 

Address 

Memory 

Block 

Size 

LMCS Value 
(Assuming 
R0=R1 =R2=0) 

003FFH 

IK 

0038 H 

007FFH 

2K 

0078H 

00FFFH 

4K 

00F8H 

01FFFH 

8K 

01F8H 

03FFFH 

16K 

03F8H 

07FFFH 

32K 

07F8H 

0FFFFH 

64K 

0FF8H 

1FFFFH 

128K 

1FF8H 

3FFFFH 

256K 

3FF8H 


The upper limit of this memory block is defined in the 
LMCS register (see Figure 12). This register is at 
offset A2H in the internal control block. The legal 
values for bits 6-15 and the resulting upper address 
and memory block sizes are given in Table 8. Any 
combination of bits 6-15 not shown in Table 8 will 
result in undefined operation. After reset, the LMCS 
register value is undefined. However, the LCS chip- 
select line will not become active until the LMCS 
register is accessed. 

Any internally generated 20-bit address whose upper 
16 bits are less than or equal to LMCS (with bits 0-5 
“1”) will cause LCS to be active. LMCS register bits 
R2-R0 are used to specify the READY mode for the 
area of memory defined by this chip-select register. 

Mid-Range Memory CS 

The iAPX 186 provides four MCS lines which are 
active within a user-locatable memory block. This 
block can be located anywhere within the iAPX 186 
1M byte memory add ress spa ce exclusive of the 
areas defined by UCS and LCS. Both the base ad- 
dress and size of this memory block are 
programmable. 

The size of the memory block defined by the mid- 
range select lines, as shown in Table 9, is determined 


by bits 8-14 of the MPCS register (see Figure 13). 
This register is at location A8H in the internal control 
block. One and only one of bits 8-14 must b e set at a 
time. Unpredictable operation of the MCS lines will 
otherwise occur. Each of the four chip-select lines is 
active for one of the four equal contiguous divisions 
of the mid-range block. Thus, if the total block size is 
32K, each chip select is active for 8K of memory with 
MCSO being active for the first range and MCS3 
being active for the last range. 

The EX and MS in MPCS relate to peripheral 
functionally as described in a later section. 


Table 9. MPCS Programming Values 


Total Block 
Size 

Individual 
Select Size 

MPCS Bits 
14-8 

8K 

2K 

0000001 B 

16K 

4K 

000001 0B 

32K 

8K 

00001 00B 

64K 

16K 

0001 000B 

128K 

32 K 

0010000B 

256K 

64 K 

0100000B 

512K 

128K 

1000000B 


The base address of the mid-range memory block is 
defined by bits 15-9 of the MMCS register (see Fig- 
ure 14). This register is at offset A6H in the internal 
control block. These bits correspond to bits A19-A13 
of the 20-bit memory address. Bits A12-A0 of the 
base address are always 0. The base address may be 
set at any integer multiple of the size of the total 
memory block selected. For example, if the mid- 
range bloc k size is 32K (or the size of the block for 
which each MCS line is active is 8K), the block could 
be located at 10000H or 18000H, but not at 14000H, 
since the first few integer multiples of a 32K memory 
block are OH, 8000H, 10000H, 18000H, etc. After 
reset, the contents of both of these registers is un- 
defined. However, none of the MCS lines will be ac- 
tive until both the MMCS and MPCS registers are 
accessed. 
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Figure 11. UMCS Register 
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Figure 12. LMCS Register 
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Figure 14. MMCS Register 


MMCS bits R2-R0 specify READY mode of operation 
for all mid-range chip selects. All devices in mid- 
range memory must use the same number of WAIT 
states. 

The 51 2K block size for the mid-range memory chip 
selects is a special case. When using 51 2K, the base 
address would have to be at either locations 00000H 
or 80000 H. If it were to be programmed at 00000H 
when the LCS line was program med, there would be 
an internal conflict betwe en the LCS ready genera- 
tion logic and the MCS ready generation logic. w 
Likewise, if the base address were prog ramm ed at 
80000H, there would be a c onflic t with the UCS ready 
generation logic. Since the LCS chip-select line does 
not become active until programmed, while the UCS 
line is active at reset, the memory base can be set 
only at 00000H. If this base address is selected, 
however, the LCS range must not be programmed. 

Peripheral Chip Selects 

The iAPX 186 can generate chip selects for up to 
seven peripheral devices. These chip selects are ac- 
tive for seven contiguous blocks of 128 bytes above a 
programmable base address. This base address may 
be located in either memory or I/O space. 

Seven CS lines called PCSO-6 are generated by the 
iAPX 186. The base address is user-programmable; 


however it can only be a multiple of 1 K bytes, i.e., the 
least significant 10 bits of the starting address are 
always 0. 


PCS5 and PCS6 can also be programmed to provide 
latched address bits A1, A2. If so programmed, they 
cannot be used as peripheral selects. These outputs 
can be connected directly to the AO, A1 pins used for 
selecting internal registers of 8-bit peripheral chips. 
This scheme simplifies the hardware interface be- 
cause the 8-bit registers of peripherals are simply 
treated as 16-bit registers located on even bound- 
aries in I/O space or memory space where only the 
lower 8-bits of the register are significant: the upper 
8-bits are “don’t cares.” 


The starting address of the peripheral chip-select 
block is defined by the PACS register (see Figure 15). 
This register is located at offset A4H in the internal 
control block. Bits 1 5-6 of this register correspond to 
bits 19-10 of the 20-bit Programmable E3ase Address 
(PBA) of the peripheral chip-select block. Bits 9-0 of 
the PBA of the peripheral chip-select block are all 
zeros. If the chip-select block is located in I/O space, 
bits 12-15 must be programmed zero, since the I/O 
address is only 16 bits wide. Table 10 shows the 
address range of each peripheral chip select with 
respect to the PBA contained in PACS register. 
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Figure 15. PACS Register 
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The user should program bits 15-6 to correspond to 
the desired peripheral base location. PACS bits 0-2 
are used to specify READY mode for PCS0-PCS3. 


Table 10. PCS Address Ranges 


PCS Line 

Active between Locations 

peso 

PBA — PBA+127 

PCS1 

PBA+128 — PBA+255 

PCS2 

PBA+256 — PBA+383 

PCS3 

PBA+384 — PBA+511 

PCS4 

PBA+512 — PBA +639 

PCS5 

PBA+640 — PBA+767 

PCS6 

PBA+768 — PBA+895 


The mode of operation of the peripheral chip selects 
is defined by the MPCS register (which is also used to 
set the size of the mid-range memory chip-select 
block, see Figure 16). This register is located at offset 
A8H in the internal control block. Bit 7 is used to 
select the function of PCS5 and PCS6, while bit 6 is 
used to select whether the peripheral chip selects 
are mapped into memory or I/O space. Table 11 de- 
scribes the programming of these bits. After reset, 
the contents of both the MPCS and the PACS regis- 
ters are undefined, however none of the PCS lines 
will be active until both of the MPCS and PACS regis- 
ters are accessed. 


Table 11. MS, EX Programming Values 


Bit 

Description 

MS 

1 = Peripherals mapped into memory space. 


0 = Peripherals mapped into I/O space. 

EX 

0=5 PCS lines. A1, A2 provided. 


1 = 7 PCS lines. A1, A2 are not provided. 


MPCS bits 0 -2 are used to specify READY mode for 
PCS4-PCS6 as outlined below. 

READY Generation Logic 

The iAPX 186 can generate a “READY” signal inter- 
nally for each of the memory or peripheral CS lines. 
The number of WAIT states to be inserted for each 
peripheral or memory is programmable to provide 
0-3 wait states for all accesses to the area for which 
the chip select is active. In addition, the iAPX 186 may 
be programmed to either ignore external READY for 


each chip-select range individually or to factor exter- 
nal READY with the integrated ready generator. 

READY control consists of 3 bits for each CS line or 
group of lines generated by the iAPX 186. The inter- 
pretation of the ready bits is shown in Table 12. 


Table 12. READY Bits Programming 


R2 

R1 

R0 

Number of WAIT States Generated 

0 

0 

0 

0 wait states, external RDY also used. 

0 

0 

1 

1 wait state inserted, external RDY also 
used. 

0 

1 

0 

2 wait states inserted, external RDYalso 
used. 

0 

1 

1 

3 wait states inserted, external RDYalso 
used. 

1 

0 

0 

0 wait states, external RDY ignored. 

1 

0 

1 

1 wait state inserted, external RDY 
ignored. 

1 

1 

0 

2 wait states inserted, external RDY 
ignored. 

1 

1 

1 

3 wait states inserted, external RDY 
ignored. 


The internal ready generator operates in parallel with 
external READY, not in series if the external READY 
is used (R2 = 0). This means, for example, if the 
internal generator is set to insert two wait states, but 
activity on the external READY lines will insert four 
wait states, the processor will only insert four wait 
states, not six. This is because the two wait states 
generated by the internal generator overlapped the 
first two wait states generated by the external ready 
signal. Note that the external ARDYand SRDY lines 
are always ignored during cycles accessing internal 
peripherals. 

R2-R0 of each control word specifies the READY 
mode for the corresponding block, with the excep- 
tion of the peripheral chip selects: R2-R0 of PACS 
set the PCSO-3 READY mode, R2-R0 of MPCS set 
the PCS4-6 READY mode. 

Chip Select/Ready Logic and Reset 

Upon reset, the Chip-Select/Ready Logic will per- 
form the following actions: 

• All chip-select outputs will be d riven HIGH. 

• Upon leaving RESET, the UCS line will be pro- 
grammed to provide chip selects to a 1 K block with 
the accompanying READY control bits set at 01 1 to 


15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

OFFSET: A8H | 1 [ M6 [ M5 [ M4 [ M3 [ M2 [ Ml [ M0 [ EX [ MS | 1 | 1 [ 1 | R2 | R1 | R0 | 


Figure 16. MPCS Register 
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allow the maximum number of internal wait states 
in conjunction with external Ready consideration 
(i.e., UMCS resets to FFFBH). 

• No other chip select or READY control registers 
have any predefined values after RESET. They will 
not become active until the CPU accesses their 
control registers. Both the PACS and MPCS regis- 
ters must be accessed before the PCS lines will 
become active. 

\ 

DMA CHANNELS 

The 80186 DMA controller provides two independent 
high-speed DMA channels. Data transfers can occur 
between memory and I/O spaces (e.g., Memory to 
I/O) or within the same space (e.g., Memory to 
Memory or I/O to I/O). Data can be transferred either 
in bytes (8 bits) or in words (16 bits) to or from even or 
odd addresses. Each DMA channel maintains both a 
20-bit source and destination pointer which can be 
optionally incremented or decremented after each 
data transfer (by one or two depending on byte or 
word transfers). Each data transfer consumes 2 bus 
cycles (a minimum of 8 clocks), one cycle to fetch 
data and the other to store data. This provides a 
maximum data transfer rate of one Mword/sec or 2 
MBytes/sec. 


DMA Operation 

Each channel has six registers in the control block 
which define each channel’s specific operation. The 
control registers consist of a 20-bit Source pointer (2 
words), a 20-bit Destination pointer (2 words), a 16- 
bit Transfer Counter, and a 16-bit Control Word. The 
format of the DMA Control Blocks is shown in Table 
13. The Transfer Count Register (TC) specifies the 
number of DMA transfers to be performed. Up to 64K 
byte or word transfers can be performed with autp- 
matic termination. The Control Word defines the 
channel’s operation (see Figure 18). All registers may 
be modified or altered during any DMA activity. Any 
changes made to these registers will be reflected 
immediately in DMA operation. 


Table 13. DMA Control Block Format 


Register Name 

Register Address 

Ch. 0 

Ch. 1 

Control Word 

CAH 

DAH 

Transfer Count 

C8H 

D8H 

Destination Pointer (upper 4 

C6H 

D6H 

bits) 



Destination Pointer 

C4H 

D4H 

Source Pointer (upper 4 bits) 

C2H 

D2H 

Source Pointer 

COH 

DOH 



Figure 17. DMA Unit Block Diagram 
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Figure 18. DMA Control Register 


DMA Channel Control Word Register 

Each DMA Channel Control Word determines the 
mode of operation for the particular 80186 DMA 
channel. This register specifies: 

• the mode of synchronization; 

• whether bytes or words will be transferred; 

• whether interrupts will be generated after the last 
transfer; 

• whether DMA activity will cease after a pro- 
grammed number of DMA cycles; 

• the relative priority of the DMA channel with 
respect to the other DMA channel; 

• whether the source pointer will be incremented, 
decremented, or maintained constant after each 
transfer; 

• whether the source pointer addresses memory or 
I/O space; 

• whether the destination pointer will be incre- 

mented, decremented, or maintained constant af- 
ter each transfer; and # , 

• whether the destination pointer will address 
memory or I/O space. 

The DMA channel control registers may be changed 
while the channel is operating. However, any 
changes made during operation will affect the cur- 
rent DMA transfer. 

DMA Control Word Bit Descriptions 

B/W: ' Byte/Word (0/1) Transfers. 

ST/STOP: Start/stop (1/0) Channel. 

CHG/NOCHG: Ch ange /Do not change (1/0) 

ST/STOP bit. If this bit is set when 
writing to the control word, the 
ST/STOP bit will be programmed by 
the write to the control word. If this 
bit is cleared when writing the con- 
trol word, the ST/STOP bit will not 
be altered. This bit is not stored; it 
will always be a 0 on read. 


INT: Enable Interrupts to CPU on Trans- 

fer Count termination. 

TC: If set, DMA will terminate when the 

contents of the Transfer C ount reg- 
ister reach zero. The ST/STOP bit 
will also be reset at this point if TC is 
set. If this bit is cleared, the DMA 
unit will decrement the transfer 
count register for each DMA cycle, 
but the DMA transfer will not stop 
when the contents of the TC register 
reach zero. 

SYN: 00 No synchronization. 

(2 bits) NOTE: The ST bit will be cleared 

automatically when the contents 
of the TC register reach zero re- 
gardless of the state of the TC bit. 
01 Source synchronization. 

10 Destination synchronization. 

11 Unused. 

SOURCE:INC Increment source pointer by 1 or 2 
(depends on B/W) after each 
transfer. 

M/iO Source pointer is in M/IO space 

( 1 / 0 ). 

DEC Decrement source pointer by 1 or 2 
(depends on B/W) after each 
transfer. 

DEST: INC Increment destination pointer by 1 

or 2 (B/W) after each transfer. 

M/TO Destination pointer is in M/IO space 
(1/0). 

DEC Decrement destination pointer by 1 
or 2 (depending on B/W) after each 
transfer. 

P Channel priority — relative to other 

channel. 

0 low priority. 

1 high priority. 

Channels will alternate cycles if 
both set at same priority level. 
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TDRQ 0: Disable DMA requests from timer 

2 . 

1 : Enable DMA requests from timer 
2 . 

Bit 3 Bit 3 is not used. 

If both INC and DEC are specified for the same 
pointer, the pointer will remain constant after each 
cycle. 

DMA Destination and Source Pointer 
Registers 

Each DMA channel maintains a 20-bit source and a 
20-bit destination pointer. Each of these pointers 
takes up two full 16-bit registers in the peripheral 
control block. The lower four bits of the upper regis- 
ter contain the upper four bits of the 20-bit physical 
address (see Figure 18a). These pointers may be 
individually incremented or decremented after each 
transfer. If word transfers are performed the pointer 
is incremented or decremented by two. Each pointer 
may point into either memory or I/O space. Since the 
DMA channels can perform transfers to or from odd 
addresses, there is no restriction on values for the 
pointer registers. Higher transfer rates can be ob- 
tained if all word transfers are performed to even 
addresses, since this will allow data to be accessed in 
a single memory access. 

DMA Transfer Count Register 

Each DMA channel maintains a 16-bit transfer 
count register (TC). This register is decremented 
after every DMA cycle, regardless of the state of 
the TC bit in the DMA Control Register. If the TC bit 
in the DMA control word is set or unsynchronized 
transfers are programmed, however, DMA activity 
will terminate when the transfer count register 
reaches zero. 


DMA Requests 

Data transfers may be either source or destination 
synchronized, that is either the source of the data or 
the destination of the data may request the data 
transfer. In addition, DMA transfers may be un- 
synchronized; that is, the transfer will take place 
continually until the correct number of transfers has 
occurred. When source or unsynchronized transfers 
are performed, the DMA channel may begin another 
transfer immediately after the end of a previous DMA 
transfer. This allows a complete transfer to take place 
every 2 bus cycles of eight clock cycles (assuming no 
wait states). No prefetching occurs when destination 
synchronization is performed, however. Data will not 
be fetched from the source address until the destina- 
tion device signals that it is ready to receive it. When 
destination synchronized transfers are requested, 
the DMA controller will relinquish control of the bus 
after every transfer. If no other bus activity is in- 
itiated, another DMA cycle will begin after two pro- 
cessor clocks. This is done to allow the destination 
device time to remove its request if another transfer 
is not desired. Since the DMA controller will relin- 
quish the bus, the CPU can initiate a bus cycle. As a 
result, a complete bus cycle will often be inserted 
between destination synchronized transfers. These 
lead to the maximum DMA transfer rates shown in 
Table 14. 


Table 14. Maximum DMA Transfer Rates 


Type of 

Synchronization 

Selected 

CPU Running 

CPU Halted 

Unsynchronized 
Source Synch 
Destination Synch 

2MBytes/sec 
2MBytes/sec 
1 .3MBytes/sec 

2MBytes/sec 

2MBytes/sec 

1.5MBytes/sec 


HIGHER 

REGISTER 

ADDRESS 

XXX 

XXX 

XXX 

A19-A16 

LOWER 





REGISTER 

ADDRESS 

A15-A12 

A11-A8 

A7-A4 

A3-A0 


15 0 


XXX = DON’T CARE 


Figure 18a. DMA Memory Pointer Register Format 
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DMA Acknowledge 

No explicit DMA acknowledge pulse is provided. 
Since both source and destination pointers are 
maintained, a read from a requesting source, or a 
write to a requesting destination, should be used as 
the DMA acknowledge signal. Since the chip-select 
lines can be programmed to be active for a given 
block of memory or I/O space, and the DMA pointers 
can be programmed to point to the same given block, 
a chip-select line could be used to indicate a DMA 
acknowledge. 

DMA Priority 

The DMA channels may be programmed such that 
one channel is always given priority over the other, or 
they may be programmed such as to alternate cycles 
when both have DMA requests pending. DMA cycles 
always have priority over internal CPU cycles except 
between locked memory accesses or word accesses 
the odd memory locations; however, an external bus 
hold takes priority over an internal DMA cycle. Be- 
cause an interrupt request cannot suspend a DMA 
operation and the CPU cannot access memory dur- 
ing a DMA cycle, interrupt latency time will suffer 
during sequences of continuous DMA cycles. An 
NMI request, however, will cause all internal DMA 
activity to halt. This allows the CPU to quickly 
respond to the NMI request. 

DMA Programming 

DMA cycles will occur whenever the ST/STOP bit of 
the Control Register is set. If synchronized transfers 


are programmed, a DRQ must also have been 
generated. Therefore, the source and destination 
transfer pointers, and the transfer count register (if 
used) must be programmed before this bit is set. 

Each DMA register may be modified while the chan- 
nel is operating. If the CHG/NOCHG bit is cleared 
when the control register is written, the ST/STOP bit 
of the control register will not be modified by the 
write. If multiple channel registers are modified, it is 
recommended that a LOCKED string transfer be 
used to prevent a DMA transfer from occurring be- 
tween updates to the channel registers. 

DMA Channels and Reset 

Upon FfeSET, the DMA channels will perform the 
following actions: 

• The Start/Stop bit for each channel will be reset to 
STOP 

• Any transfer in progress is aborted. 


TIMERS 

The 80186 provides three internal 16-bit programma- 
ble timers (see Figure 19). Two of these are highly 
flexible and are connected to four external pins (2 
per timer). They can be used to count external 
events, time external events, generate non repetitive 
waveforms, etc. The third timer is hot connected to 
any external pins, and is useful for real-time coding 
and time delay applications. In addition, this third 
timer can be used as a prescaler to the other two, or 
as a DMA request source. 



Figure 19. Timer Block Diagram 
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Timer Operation 

The timers are controlled by 11 16-bit registers in the 
internal peripheral control block. The configuration of 
these registers is shown in Table 15. The count register 
contains the current value of the timer. It can be read or 
written at any time independent of whether the timer is 
running or not. The value of this register will be 
incremented for each timer event. Each of the timers is 
equipped with a MAX COUNT register, which defines 
the maximum count the timer will reach. After reaching 
the MAX COUNT register value, the timer count value 
will reset to zero during that same clock, i.e., the 
maximum count value is never stored in the count 
register itself. Timers 0 and 1 are, in addition, equipped 
with a second MAX COUNT register, which enables the 
timers to alternate their count between two different 
MAX COUNT values programmed by the user. If a 
single MAX COUNT register is used, the timer output 
pin will switch LOW for a single clock, 1 clock after the 
maximum count value has been reached. In the dual 
MAX COUNT register mode, the ouput pin will indicate 
which MAX COUNT register is currently in use, thus 
allowing nearly complete freedom in selecting wave- 
form duty cycles. For the timers with two MAX COUNT 
registers, the RIU bit in the control register determines 
which is used for the comparison. 

Each timer gets serviced every fourth CPU-clock 
cycle, and thus can operate at speeds up to one- 
quarter the internal clock frequency (one-eighth the 
crystal rate). External clocking of the timers may be 
done at up to a rate of one-quarter of the internal 
CPU-clock rate (2 MHz for an 8 MHz CPU clock). Due 
to internal synchronization and pipelining of the 
timer circuitry, a timer output may take up to 6 clocks 
to respond to any individual clock or gate input. 


Since the count registers and the maximum count 
registers are all 16 bits wide, 16 bits of resolution are 
provided. Any Read or Write access to the timers will 
add one wait state to the minimum four-clock bus 
cycle, however. This is needed to synchronize and 
coordinate the internal data flows between the inter- 
nal timers and the internal bus. 

The timers have several programmable options. 

• All three timers can be set to halt or continue on a 
terminal count. 

• Timers 0 and 1 can select between internal and 
external clocks, alternate between MAX COUNT 
registers and be set to retrigger on external events. 

• The timers may be programmed to cause an inter- 
rupt on terminal count. 

These options are selectable via the timer mode/ 
control word. 

Timer Mode/Control Register 

The mode/control register (see Figure 20) allows the 
user to program the specific mode of operation or 
check the current programmed status for any of the 
three integrated timers. 


Table 15. Timer Control Block Format 


Register Name 

Register Offset 

Tmr. 0 

Tmr. 1 

Tmr. 2 

Mode/Control Word 

56H 

5EH 

66H 

Max Count B 

54H 

5CH 

not present 

, Max Count A 

52H 

5AH 

62H 

Count Register 

50H 

58H 

60H 


15 

14 

13 

12 

11 

5 

4 

3 

2 

i 

0 



19 

m 

1 0 

Bfl 

JJj 

HjQ 

1 P 1 





Figure 20. Timer Mode/Control Register 
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ALT: 

The ALT bit determines which of two MAX COUNT 
registers is used for count comparison. If ALT = 0, 
register A for that timer is always used, while if ALT = 
1, the comparison will alternate between register A 
and register B when each maximum count is 
reached. This alternation allows the user to change 
one MAX COUNT register while the other is being 
used, and thus provides a method of generating non- 
repetitive waveforms. Square waves and pulse out- 
puts of any duty cycle are a subset of available 
signals obtained by not changing the final count 
registers. The ALT bit also determines the function of 
the timer output pin. If ALT is zero, the output pin will 
go LOW for one clock, the clock after the maximum 
count is reached. If ALT is one, the output pin will 
reflect the current MAX COUNT register being used 
(0/1 for B/A). 

CONT: 

Setting the CONT bit causes the associated timer to 
run continuously, while resetting it causes the timer 
to halt upon maximum count. If CONT = 0 and ALT 
=1 , the timer will count to the MAX COUNT register A 
value, reset, count to the register B value, reset, and 
halt. 

EXT: 

The external bit selects between internal and exter- 
nal clocking for the timer. The external signal may be 
asynchronous with respect to the 80186 clock. If this 
bit is set, the timer will count LOW-to-HIGH trans- 
itions on the input pin. If cleared, it will count an 
internal clock while using the input pin for control. In 
this mode, the function of the external pin is defined 
by the RTG bit. The maximum input to output transi- 
tion latency time may be as much as 6 clocks. 
However, clock inputs may be pipelined as closely 
together as every 4 clocks without losing clock 
pulses. 

P: 

The prescaler bit is ignored unless internal clocking 
has been selected (EXT = 0). If the P bit is a zero, the 
timer will count at one-fourth the internal CPU clock 
rate. If the P bit is a one, the output of timer 2 will be 
used as a clock for the timer. Note that the user must 
initialize and start timer 2 to obtain the prescaled 
clock. 

RTG: 

Retrigger bit is only active for internal clocking (EXT 
= 0). In this case it determines the control function 
provided by the input pin. 

If RTG = 0, the input level gates the internal clock on 
and off. If the input pin is HIGH, the timer will count; if 


the input pin is LOW, the timer will hold its value. As 
indicated previously, the input signal may be asyn- 
chronous with respect to the 80186 clock. 

When RTG = 1, the input pin detects LOW-to-HIGH 
transitions. The first such transition starts the timer 
running, clearing the timer value to zero on the first 
clock, and then incrementing thereafter. Further 
transitions on the input pin will again reset the timer 
to zero, from which it will start counting up again. If 
CONT = 0, when the timer has reached maximum 
count, the EN bit will be cleared, inhibiting further 
timer activity. 

EN: 

The enable bit provides programmer control over the 
timer’s RUN/HALT status. When set, the timer is en- 
abled to increment subject to the input pin con- 
straints in the internal clock mode (discussed 
previously). When cleared, the timer will be inhibited 
from counting. All input pin transitions during the 
time EN is zero will be ignored. If CONT is zero, the 
EN bit is automatically cleared upon maximum 
count. 

INH: 

The inhibit bit allows for selective updating of the 
enable (EN) bit. If INH is a one during the write to the 
mode/control word, then the state of the EN bit will 
be modified by the write. If INH is a zero during the 
write, the EN bit will be unaffected by the operation. 
This bit is not stored; it will always be a 0 on a read. 

INT: 

When set, the INT bit enables interrupts from the 
timer, which will be generated on every terminal 
count. If the timer is configured in dual MAX COUNT 
register mode, an interrupt will be generated each 
time the value in MAX COUNT register A is reached, 
and each time the value in MAX COUNT register B is 
reached. If this enable bit is cleared after the inter- 
rupt request has been generated, but before a pend- 
ing interrupt is-serviced, the interrupt request will 
still be in force. (The request is latched in the Inter- 
rupt Controller.) 

MC: 

The Maximum Count bit is set whenever the timer 
reaches its final maximum count value. If the timer is 
configured in dual MAX COUNT register mode, this 
bit will be set each time the value in MAX COUNT 
register A is reached, and each time the value in MAX 
COUNT register B is reached. This bit is set regard- 
less of the timer’s interrupt-enable bit. The MC bit 
gives the user the ability to monitor timer status 
through software instead of through interrupts. 
Programmer intervention is required to clear this 
bit. 
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RIU: 

The Register In Use bit indicates which MAX COUNT 
register is currently being used for comparison to the 
timer count value. A zero value indicates register A. 
The RIU bit cannot be written, i.e., its value is not 
affected when the control register is written. It is 
always cleared when the ALT bit is zero. 

Not all mode bits are provided for timer 2. Certain bits 
are hardwired as indicated below: 

ALT = 0, EXT = 0, P = 0, RTG = 0, RIU = 0 

Count Registers 

Each of the three timers has a 16-bit count register. 
The current contents of this register may be read or 
written by the processor at any time. If the register is 
written into while the timer is counting, the new value 
will take effect in the current count cycle. 

Max Count Registers 

Timers 0 and 1 have two MAX COUNT registers, while 
timer 2 has a single MAX COUNT register. These con- 
tain the number of events the timer will count. In 
timers 0 and 1 , the MAX COUNT register used can 
alternate between the two max count values 
whenever the current maximum count is reached. 
The condition which causes a timer to reset is equiv- 
alent between the current count value and the max 
count being used. This means that if the count is 
changed to be above the max count value, or if the 
max count value is changed to be below the current 
value, the timer will not reset to zero, but rather will 
count to its maximum value, “wrap around” to zero, . 

then count until, the max count is reached. 

& 

Timers and Reset 

Upon RESET, the Timers will perform the following 
actions: 

• All EN (Enable) bits are reset preventing timer 
counting. 

• All SEL (Select) bits are reset to zero. This selects 
MAX COUNT register A, respiting in the Timer Out 
pins going HIGH upon RESET. 

INTERRUPT CONTROLLER 

The 80186 can receive interrupts from a number of 
sources, both internal and external. The internal in- 
terrupt controller serves to merge these requests on 
a priority basis, for individual service by the CPU. 


Internal ‘interrupt sources (Timers and DMA chan- 
nels) can be disabled by their own control registers 
or by mask bits within the interrupt controller. The 
80186 interrupt controller has its own control regis- 
ters that set the mode of operation for the controller. 


The interrupt controller will resolve priority among 
requests that are pending simultaneously. Nesting is 
provided so interrupt service routines for lower 
priority interrupts may themselves be interrupted by 
higher priority interrupts. A block diagram of the 
interrupt controller is shown in Figure 21. 


The interrupt controller has a special iRMX 86 com- 
patibility mode that allows the use of the 80186 
within the iRMX 86 operating system interrupt struc- 
ture. The controller is set in this mode by setting bit 
14 in the peripheral control block relocation register 
(see iRMX 86 Compatibility Mode section). In this 
mode, the internal 80186 interrupt controller func- 
tions as a “slave” controller to an external “master” 
controller. Special initialization software must be in- 
cluded to properly set up the 80186 interrupt control- 
ler in iRMX 86 mode. 


MASTER MODE OPERATION 

Interrupt Controller External Interface 

For external interrupt sources, five dedicated pins 
are provided. One of these pins is dedicated tq NMI, 
non-maskable interrupt. This is typically used for 
power-fail interrupts, etc. The other four pins may 
function either as four interrupt input lines with inter- 
nally generated interrupt vectors, as an interrupt line 
aqd an interrupt acknowledge line (called the 
“cascade mode”) along with two other input lines 
with internally generated interrupt vectors, or as two 
interrupt input lines and two dedicated interrupt ac- 
knowledge ouput lines. When the interrupt lines are 
configured in cascade mode, the 80186 interrupt 
controller will not generate internal interrupt 
vectors. 


External sources in the cascade mode use externally 
generated interrupt vec tors. When an interrupt is 
acknowledged, two INTA cycles are initiated and the 
vector is read into the 80186 on the second cycle. The 
capability to interface to external 8259A program- 
mable interrupt controllers is thus provided when the 
inputs are configured in cascade mode. 
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interrupt Controller Modes of Operation 

The basic modes of operation of the interrupt con- 
troller in master mode are similar to the 8259A. 
The interrupt controller responds identically to inter- 
nal interrupts in all three modes: the difference is 
only in the interpretation of function of the four exter- 
nal interrupt pins. The interrupt controller is set into 
one of these three modes by programming the cor- 
rect bits in the INTO and INTI control registers. The 
modes of interrupt controller operation are as 
follows: 

Fully Nested Mode 

When in the fully nested mode four pins are used as 
direct interrupt requests. The vectors for these four 
inputs are generated internally. An in-service bit is 
provided for every interrupt source. If a lower-priority 
device requests an interrupt while the in-service bit 
(IS) is set, no interrupt will be generated by the inter- 
rupt controller. In addition, if another interrupt re- 
quest occurs from the same interrupt source while 
the inservice bit is set, no interrupt will be generated 
by the interrupt controller. This allows interrupt ser- 
vice routines to operate with interrupts enabled with- 
out being themselves interrupted by lower-priority 
interrupts. Since interrupts are enabled, higher- 
priority interrupts will be serviced. 

When a service routine is completed, the proper IS 
bit must be reset by writing the proper pattern to the 
EOI register. This is required to allow subsequent 
interrupts from this interrupt source and to allow 
servicing of lower-priority interrupts. An EOI com- 
mand is issued at the end of the service routine just 


before the issuance of the return from interrupt in- 
struction. If the fully nested structure has been 
upheld, the next highest-priority source with its IS bit 
set is then serviced. 


Cascade Mode 

The 80186 has four interrupt pins and two of them 
have dual functions. In the fully nested mode the four 
pins are used as direct interrupt inputs and the cor- 
responding vectors are generated internally. In the 
cascade mode, the four pins are configured into in- 
terrupt input-dedicated acknowledge signal pairs. 
The interconnection is shown in Figure 22. INTO is an 
inter rupt i nput interfaced to an 8259A, while 
INT2/INTA0 serves as the dedicated interrupt ac- 
knowledge signal to tha t peripheral. The same is true 
for INT 1 and INT3/INTA1 . Each pair can selectively be 
placed in the cascade or non-cascade mode by pro- 
gramming the proper value into INTO and INTI con- 
trol registers. The use of the dedicated acknowledge 
signals eliminate s the need for the use of external 
logic to generate INTA and device select signals. 

The primary cascade mode allows the capability to 
serve up to 128 external interrupt sources through 
the use of external master and slave 8259As. Three 
levels of priority are created, requiring priority 
resolution in the 80186 interrupt controller, the mas- 
ter 8259As, and the slave 8259As. If an external inter- 
rupt is serviced, one IS bit is set at each of these 
levels. When the interrupt service routine is com- 
pleted, up to three end-of-interrupt commands must 
be issued by the programmer. 



Figure 21. Interrupt Controller Block Diagram 
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Special Fully Nested Mode 

This mode is entered by setting the SFNM bit in INTO 
or INTI control register. It enables complete nestabil- 
ity with external 8259A masters. Normally, an inter- 
rupt request from an interrupt source will not be 
recognized unless the in-service bit for that source is 
reset. If more than one interrupt source is connected 
to an external interrupt controller, all of the interrupts 
will be tunneled through the same 80186 interrupt 
request pin. As a result, if the external interrupt con- 
troller receives a higher-priority interrupt, its inter- 
rupt will not be recognized by the 80186 controller 
until the 80186 in-service bit is reset. In special fully 
nested mode, the 80186 interrupt controller will allow 
interrupts from an external pin regardless of the 
state of th^ in-service bit for an interrupt source in 
order to allow multiple interrupts from a single pin. 
An in-service bit will continue to be set, however, to 
inhibit interrupts from other lower-priority 80186 in- 
terrupt sources. 

Special procedures should be followed when reset- 
ting IS bits at the end of interrupt service routines. 
Software polling of the external master’s IS register 
is required to determine if there is more than one bit 
set. If so, the IS bit in the 80186 remains active and 
the next interrupt service routine is entered. 


Operation in a Polled Environment 

The controller may be used in a polled mode if inter- 
rupts are undesirable. When polling, the processor 
disables interrupts and then polls the interrupt con- 
troller whenever it is convenient. Polling the inter- 
rupt controller is accomplished by reading the Poll 
Word (Figure 31). Bit 15 in the poll word indicates 
to the processor that an interrupt of high enough 
priority is requesting service. Bits 0-4 indicate to 
the processor the type vector of the highest- 
priority source requesting service. Reading the 
Poll Word causes the In-Service bit of the highest- 
priority source to be set. 

It is desirable to be able to read the Poll Word infor- 
mation without guaranteeing service of any pending 
interrupt, i.e., not set the indicated in-service bit. The 
80186 provides a Poll Status Word in addition to the 
conventional Poll Word to allow this to be done. Poll 
Word information is duplicated in the Poll Status 
Word, but reading the Poll Status Word does npt set 
the associated in-service bit. These words are lo- 
cated in two adjacent memory locations in the regis- 
ter file. 


Master Mode Features 

Programmable Priority 

The user can program the interrupt sources into any 
of eight different priority levels. The programming is 
done by placing a 3-bit priority level (0-7) in the 
control register of each interrupt source. (A source 
with a priority level of 4 has higher priority over all 
priority levels from 5 to 7. Priority registers contain- 
ing values lower than 4 have greater priority.) All 
interrupt sources have preprogrammed default 
priority levels (see Table 4). 


If two requests with the same programmed priority 
level are pending at once, the priority ordering 
scheme shown in Table 4 is used. If the serviced 
interrupt routine reenables interrupts, it allows other 
requests to be serviced. 


End-of-lnterrupt Command 

The end-of-interrupt (EOI) command is used by the 
programmer to reset the In-Service (IS) bit when an 
interrupt service routine is completed. The EOI com- 
mand is issued by writing the proper pattern to the 
EOI register. There are two types of EOI commands, 
specific and nonspecific. The nonspecific command 
does not specify which IS bit is reset. When issued, 
the interrupt controller automatically resets the IS bit 
of the highest priority source with an active service 
routine. A specific EOI command requires that the 
programmer send the interrupt vector type to the 

interrupt controller indicating which source’s IS bit is 
to be reset. This command is used when the fully 
nested structure has been disturbed or the highest 
priority IS bit that was set does not belong to the 
service routine in progress. 


Trigger Mode 

The four external interrupt pins can be programmed 
in either edge- or level-trigger mode. The control 
register for each external source has a level-trigger 
mode (LTM) bit. All interrupt inputs are active HIGH. 
In the edge sense mode or the level-trigger mode, the 
interrupt request must remain active (HIGH) until the 
interrupt request is acknowledged by the 80186 CPU. 
In the edge-sense mode, if the level remains high 
after the interrupt is acknowledged, the input is dis- 
abled and no further requests will be generated. The 
input level must go LOW for at least one clock cycle to 
reenable the input. In the level-trigger mode, no such 
provision is made: holding the interrupt input HIGH 
will cause continuous interrupt requests. 
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Interrupt Vectoring 

The 80186 Interrupt Controller will generate inter- 
rupt vectors for the integrated DMA channels and 
the integrated Timers. In addition, the Interrupt Con- 
troller will generate interrupt vectors for the external 
interrupt lines if they are not configured in Cascade 
or Special Fully Nested Mode. The interrupt vectors 
generated are fixed and cannot be changed (see 
Table 4). 

Interrupt Controller Registers 

The Interrupt Controller register model is shown in 
Figure 23. It contains 15 registers. All registers can 
both be read or written unless specified otherwise. 

In-Service Register 

This register can be read from or written into. The 
format is shown in Figure 24. It contains the In- 
Service bit for each of the interrupt sources. The 
In-Service bit is set to indicate that a source’s service 
routine is in progress. When an In-Service bit is set, 
the interrupt controller will not generate interrupts to 
the CPU when it receives interrupt requests from 
devices with a lower programmed priority level. The 
TMR bit is the In-Service bit for all three timers; the 
DO and D1 bits are the In-Service bits for the two DMA 
channels; the 10-13 are the In-Service bits for the 
external interrupt pins. The IS bit is set when the 
processor acknowledges an interrupt request either 
by an interrupt acknowledge or by reading the poll 
register. The IS bit is reset at the end of the interrupt 
service routine by an end-of-interrupt command is- 
sued by the CPU. 


Interrupt Request Register 

The internal interrupt sources have interrupt request 
bits inside the interrupt controller. The format of this 
register is shown in Figure 24. A read from this regis- 
ter yields the status of these bits. The TMR bit is the 
logical OR of all timer interrupt requests. DO and D1 
are the interrupt request bits for the DMA channels. 

The state of the external interrupt input pins is also 
indicated. The state of the external interrupt pins is 
not a stored condition inside the interrupt controller, 
therefore the external interrupt bits cannot be writ- 
ten. The external interrupt request bits show exactly 
when an interrupt request is given to the interrupt 
controller, so if edge-triggered mode is selected, the 
bit in the register will be HIGH only after an inactive- 
to-active transition. For internal interrupt sources, 
the register bits are set when a request arrives and 
are reset when the processor acknowledges the 
requests. 


Mask Register 

This is a 16-bit register that contains a mask bit for 
each interrupt source. The format for this register is 
shown in Figure 24. A one in a bit position corres- 
ponding to a particular source serves to mask the 
source from generating interrupts. These mask bits 
are the exact same bits which are used in the individ- 
ual control registers; programming a mask bit using 
the mask register will also, change this bit in the 
individual control registers, and vice versa. 



Figure 22. Cascade Mode Interrupt Connection 
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OFFSET 


INT3 CONTROL REGISTER 

3EH 


INT2 CONTROL REGISTER 

3CH 


INTI CONTROL REGISTER 

3AH 


INTO CONTROL REGISTER 

38H 


DMA 1 CONTROL REGISTER 

36H 

' 

DMA 0 CONTROL REGISTER 

34H 


TIMER CONTROL REGISTER 

32H 


» INTERRUPT STATUS REGISTER 

30H 


INTERRUPT REQUEST REGISTER 

2EH 


IN-SERVICE REGISTER 

2CH 


PRIORITY MASK REGISTER 

2AH 


MASK REGISTER 

28H 


POLL STATUS REGISTER 

26H 


POLL REGISTER 

24H 


EOI REGISTER 

22H 

• 



Figure 23. Interrupt Controller Registers 
(Non-iRMX 86 Mode) 


Priority Mask Register 

This register is used to mask all interrupts below 
particular interrupt priority levels. The format of this 
register is shown in Figure 25. The code in the lower 
three bits of this register inhibits interrupts of 
priority lower (a higher priority number) than the 
code specified. For example, 100 written into this 
register masks interrupts of level five (101), six (110), 
and seven (111). The register is reset to seven (111) 
upon RESET so all interrupts are unmasked. 

Interrupt Status Register 

This register contains general interrupt controller 
status information. The format of this register is 
shown in Figure 26. The bits in the status register 
have the following functions: 

DHLT: DMA Halt Transfer; setting this bit halts all 

DMA transfers. It is automatically set 
whenever a non-maskable interrupt occurs, 
and it is reset when an IRET instruction is 
executed. The purpose of this bit is to allow 
prompt service of all non-maskable inter- 
rupts. This bit may also be set by the CPU. 

IRTx: These three bits represent the individual 

timer interrupt request bits. These bits are 
used to differentiate the timer interrupts, 
since the timer IR bit in the interrupt re- 
quest register is the “OR” function of all 
timer interrupt requests. Note that setting 
any one of these three bits initiates an inter- 
rupt request to the interrupt controller. 
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Figure 24. In-Service, Interrupt Request, and Mask Register Formats 
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Figure 25. 

Priority Mask Register Format 
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Figure 26. Interrupt Status Register Format 
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Timer, DMA 0, 1 ; Control Registers 

These registers are the control words for all the inter- 
nal interrupt sources. The format for these registers 
is shown in Figure 27. The three bit positions PRO, 
PR1, and PR2 represent the programmable priority 
level of the interrupt source. The MSK bit inhibits 
interrupt requests from the interrupt source. The 
MSK bits in the individual control registers are the 
exact same bits as are in the Mask Register; modify- 
ing them in the individual control registers will also 
modify them in the Mask Register, and vice versa. 

INT0-INT3 Control Registers 

These registers are the control words for the four 
external input pins. Figure 28 shows the format of the 
INTO and INTI Control registers; Figure 29 shows the 
format of the INT2 and INT3 Control registers. In 
cascade mode or special fully nested mode, the con- 
trol words for INT2 and INT3 are not used. 

The bits in the various control registers are encoded 
as follows: 

PRO-2: Priority programming information. Highest 
Priority = 000, Lowest Priority =111 

LTM: Level-trigger mode bit. 1 = level-triggered; 

0 = edge-triggered. Interrupt Input levels 
are active high. In level-triggered mode, an 
interrupt is generated whenever the exter- 
nal line is high. In edge-triggered mode, an 
interrupt will be generated only when this 


level is preceded by an inactive-to-active 
transition on the line. In both cases, the 
level must remain active until the interrupt 
is acknowledged. 


MSK: Mask bit, 1 = mask; 0 = nonmask. 


C: Cascade mode bit, 1 = cascade; 0 = direct 


SFNM: Special fully nested mode bit, 1 = SFNM 


EOI Register 

The end of the interrupt register is a command regis- 
ter which can only be written into. The format of this 
register is shown in Figure 30. It initiates an EOI 
command when written to by the 80186 CPU. 

The bits in the EOI register are encoded as follows: 

Sx: Encoded information that specifies an in- 

terrupt source vector type as shown in 
Table 4. For example, to reset the In-Service 
bit for DMA channel 0, these bits should be 
set to 01010, since the vector type for DMA 
channel 0 is 10. Note that to reset the single 
In-Service bit for any of the three timers, the 
vector type for timer 0 (8) should be written 
in this register. 
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Figure 27. Timer/DMA Control Register Formats 
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Figure 28. INT0/INT1 Control Register Formats 
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Figure 29. INT2/INT3 Control Register Formats 
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NSPEC/: A bit that determines the type of EOI com- 
SPEC mand. Nonspepific = 1, Specific = 0. 

Poll and Poll Status Registers 

These registers contain polling information. The for- 
mat of these registers is shown in Figure 31 . They can 
only be read. Reading the Poll register constitutes a 
software poll. This will set the IS bit of the highest 
priority pending interrupt. Reading the poll status 
register will not set the IS bit of the highest priority 
pending interrupt; only the status of pending inter- 
rupts will be provided. 

Encoding of the Poll and Poll Status register bits are 
as follows: 

Sx: Encoded information that indicates the 

vector type of the highest priority interrupt- 
ing source. Valid only when INTREQ = 1. 

INTREQ: This bit determines if an interrupt request is 
present. Interrupt Request = 1 ; no Interrupt 
Request = 0. 

iRMX 86 COMPATIBILITY MODE 

This mode allows iRMX 86-80186 compatibility. The 
interrupt model of iRMX 86 requires one master and 
multiple slave 8259As in cascaded fashion. When 
iRMX mode is used, the internal 80186 interrupt con- 
troller will be used as a slave controller to an external 
master interrupt controller. The internal 80186 re- 
sources will be monitored through the internal inter- 
rupt controller, while the external controller 
functions as the system master interrupt controller. 

Upon reset, the 80186 interrupt controller will be in 
the non-iRMX 86 mode of operation. To set the con- 
troller in the iRMX 86 mode, bit 14 of the Relocation 
Register should be set. 


Because of pin limitations caused by the need to 
interface to an external 8259A master, the internal 
interrupt controller will no longer accept external 
inputs. There are however, enough 80186 interrupt 
controller inputs (internally) to dedicate one to each 
timer. In this mode, each timer interrupt source has 
its own mask bit, IS bit, and control word. 

The iRMX 86 operating system requires peripherals 
to be assigned fixed priority levels. This is incom- 
patible with the normal operation of the 80186 inter- 
rupt controller. Therefore, the Initialization software 
must program the proper priority levels for each 
source. The required priority levels for the internal 
interrupt sources in iRMX mode are shown in Table 
16. 


Table 16. Internal Source Priority Level 


Priority Level 

Interrupt Source 

0 

Timer 0 

i 

(reserved) 

2 

DMA 0 

3 

DMA 1 

4 

Timer 1 

5 

Timer 2 


These level assignments must remain fixed in the 
iRMX 86 mode of operation. 

iRMX 86 Mode External Interface 

The configuration of the 80186 with respect to an 
external 8259A master is shown in Figure 32. The 
INTO input is used as the 80186 CPU interrupt input. 
INT3 functions as an output to send the 80186 slave- 
interrupt-request to one of the 8 master-PIC-inputs. 



Figure 30. EOI Register Format 
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Figure 31. Poll Register Format 
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Figure 32. iRMX 86 interrupt Controller Interconnection 


Correct master-slave interface requires decoding of 
the slave addresses (CASO-2). Slave 8259As do this 
internally. Because of pin limitations, the 80186 slave 
address will have to be decoded externally. INTI is 
used as a slave-select input. Note that the slave vec- 
tor address is transferred internally, but the READY 
input must be supplied externally. 

INT2 is used as an acknowledge output, suitable to 
drive the iNTA input of an 8259A. 

Interrupt Nesting 

iRMX 86 mode operation allows nesting of interrupt 
requests. When an interrupt is acknowledged, the 
priority logic masks off all priority levels except 
those with equal or higher priority. 

Vector Generation in the iRMX 86 Mode 

Vector generation in iRMX mode is exactly like that of 
an 8259A slave. The interrupt controller generates an 
8-bit vector which the CPU multiplies by four and 
uses as an address into a vector table. The significant 
five bits of the vector are user-programmable while 
the lower three bits are generated by the priority 
logic. These bits represent the encoding of the 
priority level requesting service. The significant five 
bits of the vector are programmed by writing to the 
Interrupt Vector register at offset 20H. 


Specific End-of-lnterrupt 

In iRMX mode the specific EOI command operates to 
reset an in-service bit of a specific priority. The user 
supplies a 3-bit priority-level value that points to an 
in-service bit to be reset. The command is executed 
by writing the correct value in the Specific EOI regis- 
ter at offset 22H. 

Interrupt Controller Registers 
in the iRMX 86 Mode 

All control and command registers are located inside 
the internal peripheral control block. Figure 33 
shows the offsets of these registers. 

End-of-lnterrupt Register 

The end-of-interrupt register is a command register 
which can only be written. The format of this register 
is shown in Figure 34. It initiates an EOI command 
when written by the 80186 CPU. 

The bits in the EOI register are encoded as follows: 

L x “- Encoded value indicating the priority of the 
IS bit to be reset. 

In-Service Register 

This register can be read from or written into. It 
contains the in-service bit for each of the internal 
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interrupt sources. The format for this register is 
shown in Figure 35. Bit positions 2 and 3 correspond 
to the DMA channels; positions 0, 4, and 5 corre- 
spond to the integral timers. The source’s IS bit is set 
when the processor acknowledges its interrupt re- 
quest. 

Interrupt Request Register 

This register indicates which internal peripherals 
have interrupt requests pending. The format of this 
register is shown in Figure 35. The interrupt request 
bits are set when a request arrives from an internal 
source, and are reset when the processor acknowl- 
edges the request. 

Mask Register 

This register contains a mask bit for each interrupt 
source. The format for this register is shown in Fig- 
ure 35. If the bit in this register corresponding to a 
particular interrupt source is set, any interrupts from 
that source wili be masked. These mask bits are 
exactly the same bits which are used in the individual 
control registers, i.e., changing the state of a mask 
bit in this register will also change the state of the 
mask bit in the individual interrupt control register 
corresponding to the bit. 

Control Registers 

These registers are the control words for all the inter- 
nal interrupt sources. The format of these registers is 
shown in Figure 36. Each of the timers and both of 
the DMA channels have their own Control Register. 

The bits of the Control Registers are encoded as 
follows: 


pr x ; 3-bit encoded field indicating a priority level 
for the source; note that each source must 
be programmed at specified levels. 

msk: mask bit for the priority level indicated by pr x 

bits. 


1 

OFFSET 

3AH 


LEVEL 5 CONTROL REGISTER 
(TIMER 2) 


LEVEL 4 CONTROL REGISTER 
(TIMER 1) 

38H 


LEVEL 3 CONTROL REGISTER 
(DMA 1) 

36H 


LEVEL 2 CONTROL REGISTER 
(DMA 0) 

34H 


LEVEL 0 CONTROL REGISTER 
(TIMER 0) 

32H 


INTERRUPT STATUS REGISTER 

30H 


INTERRUPT-REQUEST REGISTER 

2EH 


IN-SERVICE REGISTER 

2CH 


PRIORITY-LEVEL MASK REGISTER 

2AH 


MASK REGISTER 

28H 


SPECIFIC EOI REGISTER 

22H 


INTERRUPT VECTOR REGISTER 

20H 





Figure 33. Interrupt Controller Registers 
(iRMX 86 Mode) 
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Figure 34. Specific EOI Register Format 
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Figure 35. In-Service, Interrupt Request, and Mask Register Format 
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Interrupt Vector Register 

This register provides the upper five bits of the inter- 
rupt vector address. The format of this register is 
shown in Figure 37. The interrupt controller itself 
provides the lower three bits of the interrupt vector 
as determined by the priority level of the interrupt 
request. 

The format of the bits in this register is: 
t x ; 5-bit field indicating the upper five bits of the 
vector address. 

Priority-Level Mask Register 

This register indicates the lowest priority-level inter- 
rupt which will be serviced. 

The encoding of the bits in this register is: 
m x ; 3-bit encoded field indication priority-level 
value. All levels of lower priority will be 
masked. 

Interrupt Status Register 

This register is defined exactly as in Non-iRMX 
Mode. (See Fig. 26.) 


Interrupt Controller and Reset 

Upon RESET, the interrupt controller will perform the 

following actions: 

• All SFNM bits reset to 0, implying Fully Nested 
Mode. 

• All PR bits in the various control registers set to 1 . 
This places all sources at lowest priority (level 
111). 

• All LTM bits reset to 0, resulting in edge-sense 
mode. 

• All Interrupt Service bits reset to 0. 

• All Interrupt Request bits reset to 0. 

• All MSK (Interrupt Mask) bits set to 1 (mask). 

• All C (Cascade) bits reset to 0 (non-cascade). 

• All PRM (Priority Mask) bits set to 1, implying no 
levels masked. 

• Initialized to non-iRMX 86 mode. 



Figure 36. Control Word Format 



Figure 37. Interrupt Vector Register Format 



Figure 38. Priority Level Mask Register 
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Figure 39. Typical iAPX 186 Computer 
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Figure 40. Typical iAPX 186 Multi-Master Bus Interface 
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PACKAGE NOTE: The IDT 3M Textool 68-pin JEDEC Socket 

The 80186 is housed in a68-pin, leadless JEDEC type is required for l 2 ICE™-186 operation. See Figure 

A hermetic chip carrier. Figure 41 illustrates the 42 for details, 

package dimensions. 



Figure 41. 80186 JEDEC Type A Package 
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Figure 42. Textool 68 Lead Chip Carrier Socket 
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ABSOLUTE MAXIMUM RATINGS* 


Ambient Temperature under Bias 0°C to 70°C 

Storage Temperature -65°C to +150°C 

Voltage on Any Pin with 

Respect to Ground -1.0V to +7V 

Power Dissipation 3 Watt 


* NOTICE: Stresses above those listed under 
“Absolute Maximum Ratings” may cause permanent 
damage to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the opera- 
tional sections of this specification is not implied. 
Exposure to absolute maximum rating conditions 
for extended periods may affect device reliability. 


D.C. CHARACTERISTICS (T A = 0°-70°C, V cc = 5V ±10%) 
Applicable to 80186 (8 MHz) and 80186-6 (6 MHz) 


Symbol 

Parameter 

Min. 

Max. 

Units 

Test Conditions 

V,L 

Input Low Voltage 

0.5 

+ 08 

Volts 


V,H 

Input High Voltage 
(All except XI and (RES) 

2.0 

V cc + 0.5 

Volts 


V,H1 

Input High Voltage (RES) 

3.0 

V cc + 0.5 

Volts 


Vql 

Output Low Voltage 


0.45 

Volts 

! a = 2.5 mA for SO-S2 % 

l a = 2.0 mA for all other outputs 

X 

o 

> 

Output High Voltage 

2.4 


Volts 

l oa = -400 jxA 

'cc 

Power Supply Current 


550 

450 

mA 

Max measured at T A = 0°C 
T a = 70°C 

l L . 

Input Leakage Current 


±10 

iuA 

ov < V IN < v cc 

Ilo 

Output Leakage Current 


±10 


0.45V < V 0UT < V cc 

VcLO 

Clock Output Low 


06 

Volts 

la = 4.0 mA 

V CHO 

Clock Output High 

40 


Volts 

loa= -200 mA 

VcLI 

Clock Input Low Voltage 

-0.5 

0.6 

Volts 


VCHI 

Clock Input High Voltage 

3.9 

V cc +1.0 

Volts 


C,N 

Input Capacitance 


10 

pF 


Cio 

I/O Capacitance 


20 

PF 



PIN TIMINGS 

A.C. CHARACTERISTICS (T A = 0°-70°C, V CC = 5V ± 10%) 

80186 Timing Requirements All Timings Measured At 1 .5 Volts Unless Otherwise Noted. 
Applicable to 80186 (8 MHz) and 80186-6 (6 MHz) 


Symbol 

Parameter 

Min. 

Max. 

Units 

Test Conditions 

Tdvcl 

Data in Setup (A/D) 

20 


ns 


T(XDX 

Data in Hold (A/D) 

10 


ns 


Taryhch 

Asynchronous Ready 
(AREADY) active setup 
time* 

20 


ns 


t arylcl 

AREADY inactive setup 
time 

35 


ns 


t charyx 

AREADY hold time 

15 


ns 


t arychl 

Asynchronous Ready 
inactive hold time 

15 


ns 


t srycl 

Synchronous Ready 
(SREADY) transition setup 
time 

20 


ns 


t clsry' 

SREADY transition hold 
time 

15 


ns 


Thvcl 

HOLD Setup* 

25 


ns 



*To guarantee recognition at next clock. 
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80186 Timing Requirements (Continued) 


Symbol 

Parameter 

Min. 

Max. 

Units 

Test Conditions 

T INVCH 

1NTR, NMI, TEST, TIMERIN, 
Setup* 

25 


ns 


t invcl 

DRQ0, DRQ1, Setup* 

25 


ns 



*To guarantee recognition at next clock. 

80186 Master Interface Timing Responses 




80186 (8 MHz) 

80188-6 (6 MHz) 



Symbol 

Parameters 

Min. 





Test Conditions 

t clav 

Address Valid Delay 

5 

K9H 




m— 

Tclax 

Address Hold 

10 


10 


ns 


t claz 

Address Float Delay 

Tclax 

35 

Tclax 

44 

ns 


t chcz 

Command Lines Float Delay 


45 


56 

ns 


TcHCV 

Command Lines Valid Delay 
(after float) 


55 


76 

ns 


Tlhll 

ALE Width 

Tclcl-35 


Tclcl-35 


ns 


Tchlh 

ALE Active Delay 


35 


44 

ns 


TcHLL 

ALE Inactive Delay 


35 


44 

ns 


Tllax 

Address Hold to ALE Inactive 

Tchcl"25 


Tchcl"30 


ns 


t cldv 

Data Valid Delay 

10 

44 

10 

55 

ns 


TcLDOX 

Data Hold Time 

10 


10 


ns 


t whdx 

Data Hold after WR 

Tclcl“ 4 0 


Tclcl‘33 


ns 


Tcvctv 

Control Active Delay 1 

10 

70 

10 

87 

ns 


Tchctv 

Control Active Delay 2 

10 

55 

10 

76 

ns 


Tcvctx 

Control Inactive Delay 

5 

55 

5 

76 

ns 


t cvdex 

DEN Inactive Delay 
(Non-Write Cycle) 

10 

70 

10 

87 

ns 


Tazrl 

Address Float to M Active 

0 


0 


ns 


1"CLRL 

RD Active Delay 

10 

70 

10 

87 

ns 


Tclrh 

RD Inactive Delay 

10 

55 

10 

76 

ns 


Trhav 

RD Inactive to Address Active 

Tclcl -4 ® 


Tclcl -50 


ns 


Tclhav 

HLDA Valid Delay 

5 

50 

5 

67 

ns 


Trlrh 

RD Width 

2T C lcl-50 


2 Tclcl* 50 


ns 


"I"wLWH 

WR Width 

2 Tclcl -40 


^CLCL" 40 


ns 


Taval 

Address Valid to ALE Low 

t clch" 25 


Tclch -4 3 


ns 


Tchsv 

Status Active Delay 

10 

55 

10 

76 

ns 


t clsh 

Status Inactive Delay 

10 

65 

10 ' 

76 

ns 


t cltmv 

Timer Output Delay 


60 


75 

ns 

1 00 pF max 

t clro 

Reset Delay 


60 


75 

ns 


TcHQSV 

Queue Status Delay 


35 


44 

ns 


liSBI 

Status Hold Time 

10 


10 


ns 


BSSSHR 

Address Valid to clock high 

10 


10 


ns 



80186 Chip-Select Timing Responses 


Symbol 

Parameter 

Min. 

Max. 

Min. 

Max. 

Units 

Test Conditions 

Tclcsv 

Chip-Select Active Delay 


66 


80 

ns 


Tcxcsx 

Chip-Selct Hold from 
Command Inactive 

35 


35 


ns 


Tchcsx 

Chip-Select Inactive Delay 

5 

35 

5 

47 

ns 
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A.C. CHARACTERISTICS (Continued) 
80186 CLKIN Requirements 



80186 (8 MHz) 

80186-6 (6 MHz) 


Symbol 

Parameter 

Min. 

Max. 

Min. 

Max. 

Units 

Test Conditions 

t ckin 

CLKIN Period 

62.5 

250 

83 

250 

ns 


Tckhl 

CLKIN Fall Time 


10 


10 

ns 

3.5 to 1.0 volts 

MBm 

CLKIN Rise Time 


10 


10 

ns 

1.0 to 3.5 volts 


CLKIN' Low Time 

25 


33 


ns 

1.5 volts 

t chck 

CLKIN High Time 

25 


33 


ns 

1.5 volts 


80186 CLKOUT Timing (200 pF load) 


Symbol 

Parameter 

Min. 

Max. 


Max. 

Units 

Test Conditions 

T CICO 

CLKIN to CLKOUT Skew 


50 


62.5 

ns 


Tclcl 

CLKOUT Period 

125 

500 

167 

500 

ns 


Tclch 

CLKOUT Low Time 

1/2 t clcl -7 - 5 


y 2 T CLCL -7.5 


ns 

1.5 volts 

t chcl 

CLKOUT High Time 

1/2 T clcl -7.5 


' 1/2 T clcl -7.5 


ns 

1.5 volts 

T CH1CH2 1 

CLKOUT Rise Time 


15 


15 

ns 

1.0 to 3.5 volts 

T CL2CL1 ’ 

CLKOUT Fall Time 


15 


15 

ns 

3.5 to 1. volts 
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WAVEFORMS 


MAJOR CYCLE TIMING 
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WAVEFORMS (Continued) 



NOTES: 

1 . Following a Write cycle, the Local Bus is floated by the 80186 only when the 
80186 enters a “Hold Acknowledge” state. 

2. INTA occurs one clock later in RMX-mode. 

3. Status inactive just prior to T 4 
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WAVEFORMS (Continued) 


~\ 

CLKOUT 

\ 

_r "w - 1 

— 

TCLAV 

— ► TCLAV 

LOCK 

\ 

V 

/ 













iAPX 186 


intef 


WAVEFORMS (Continued) 

HOLD-HLDA TIMING 

I Ta I T 3 I I T 2 




t 4 T, 
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WAVEFORMS (Continued) 

TIMER ON 80186 




80186 INSTRUCTION TIMINGS 

The following instruction timings represent the mini- 
mum execution time in clock cycles for each instruc- 
tion. The timings given are based on the following 
assumptions: 

• The opcode, along with any data or displacement 
required for execution of a particular instruction, 
has been prefetched and resides in the queue at 
the time it is needed, 

• No wait states or bus HOLDS occur. 


• All word-data is located on even-address 
boundaries. 

All jumps and calls include the time required to fetch 
the opcode of the next instruction at the destination 
address. 

All instructions which involve memory reference can 
require one (and in some cases, two) additional 
clocks above the minimum timings shown. This is 
due to the asynchronous nature of the handshake 
between the BIU and the Execution unit. 
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INSTRUCTION SET SUMMARY 


FUNCTION 

FORMAT 



Clock 

Cycles 

Comments 

DATA TRANSFER 






MOV = Move: 






Register to Register/Memory 

|1 0 0 0 1 0 0 w I 

mod reg r/m | 


2/12 


Register/memory to register 

|1 000101 w| 

mod reg r/m j 


2/9 


Immediate to register/memory 

|1 1 0 0 0 1 1 w 1 

mod 000 r/m j 

data | data if w = 1 | 

12-13 

8/16-bit 

Immediate to register 

1 1 0 1 1, w reg | 

data | 

data if w = 1 | 

3-4 

8/16-bit 

Memory to accumulator 

|1 0 1 0 0 0 0 w I 

addr-low | 

addr-high | 

9 


Accumulator to memory 

|1 0 1 0 0 0 1 w 1 

addr-low | 

addr-high | 

8 


Register/memory to segment register 

|l 0 0 0 1 1 1 0 1 

mod 0 reg r/m | 


2/9 


Segment register to register/memory 

|l 0 0 0 1 1 0 0 1 

mod 0 reg r/m | 


2/11 


PUSH = Push: 






Memory 

1 1 111111 1 1 

mod 1 1 0 r/m | 


16 


Register 

|o 1 0 1 0 reg | 



10 


Segment register^ 

|0 0 0 reg 1 1 0 | 



9 



xtetmwdwb f 




MMmmm 



.W V^'^v.K'v 1 „ „v’ 



mtm v ’ ‘X 

POP = Pop: 






Memory 

|l 0 0 0 1 1 1 1 1 

mod 000 r/m | 


20 


Register 

|o 1 0 1 1 reg 1 



10 


Segment register 

|0 0 0 reg 1 1 1 | 

(reg ^ 01) 


8 





■/,:/ . 4 '::, l & >' "j'v {-•/ 



XCHG = Exchange: 






Register/memory with register 

1 1 0 0 0 0 1 1 w 1 

mod reg r/m | 


4/17 


Register with accumulator 

|l 0 0 1 0 reg | 



3 


IN = Input from: 






Fixed port 

|1 1 1 0 0 1 0 w | 

p° r| i 


10 


Variable port 

|l 1 1 0 1 1 0 w I 



8 


OUT = Output to: 






Fixed port 

|l 1 1 0 0 1 1 w 1 

port | 


9 


Variable port 

|l 1 1 0 1 1 1 w | 



7 


XLAT = Translate byte to AL 

1 1 10 10 11 1 1 



11 


LEA = Load EA to register 

|l 0 0 0 1 1 0 1 1 

mod reg r/m | 


6 


LDS = Load pointer to DS 

|1 1 0 0 0 1 0 1 1 

mod reg r/m | 

(mod it'll) 

18 


LES = Load pointer to ES 

|l 1 0 0 0 1 0 0 1 

mod reg r/m | 

(mod ¥= ii) 

18 


LAHF = Load AH with flags 

|l 0 0 1111 1 1 



2 


SAHF = Store AH into flags 

1 1 0 0 1 1 1 1 0 1 



3 


PUSHF= Push flags 

|1 0 0 1 1 1 0 0 1 



9 


POPF = Pop flags 

|1 0 0 1 1 1 0 1 1 



8 


SEGMENT = Segment Override: 






CS 

| 0 0 1 0 1 1 1 0 I 



2' 


SS 

| 0 0 1 1 0 1 1 0 I 



2 


DS 

| 0 0 1 1 1 1 1 0 1 



2 


ES 

|o 0 1 0 0 1 1 0 1 



2 



Shaded areas indicate instructions not available in iAPX 86, 88 microsystems. 
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INSTRUCTION SET SUMMARY (Continued) 








Clock 


FUNCTION 

FORMAT 





Cycles 

Comments 

ARITHMETIC 
ADD = Add: 








Reg/memory with register to either 

|0 0 0 0 0 0 d w 1 

mod reg 

r/m | 



3/10 


Immediate to register/memory 

|l 0 0 0 0 0 s w | 

mod 000 

r/m | 

data 

j data if s w = 01 j 

4/16 


Immediate to accumulator 

|0 0 0 0 0 1 0 w | 

data 

1 

data if w - 1 


3/4 

8/16-bit 

ADC = Add with carry- 








Reg/memory with register to either 

[0 0 0 1 0 0 d w | 

mod reg 

r/m | 



3/10 


Immediate to register/memory 

|1 0 0 0 0 0 s w | 

mod 0 1 0 

r/m | 

data 

j data if s w = 01 | 

4/16 


Immediate to accumulator 

|0 0 0 1 0 1 0 w | 

data 

1 

data if w = 1 


3/4 

8/16-bit 

INC = Increment- 








Register/memory 

|1 1 1 1 1 1 1 w | 

mod 0 0 0 

r/m | 



3/15 


Register 

jO 1 0 0 0 reg | 





3 


SUB = Subtract 








Reg/memory and register to either 

jO 0 1 0 1 0 d w | 

mod reg 

r/m | 



3/10 


Immediate from register/memory 

|1 0 0 0 0 0 s w j 

mod 1 0 1 

r/m j 

data 

| data if s w = 0 1 | 

4/16 


Immediate from accumulator 

JO 0 1 0 1 1 0 w | 

data 

1 

data if w = 1 


3/4 

8/16-bit 

SBB = Subtract with borrow: 








Reg/memory and register to either 

jo 0 0 11 0 d w 1 

mod reg 

r/m | 



3/10 


Immediate from register/memory 

|1 0 0 0 0 0 s w 1 

mod 0 1 1 

r/m | 

data 

| data if s w = 0 1 | 

4/16 


Immediate from accumulator 

|0 0 0 1 1 1 0 w 1 

data 

1 

data if w = 1 


3/4 

8/16-bit 

DEC = Decrement: 








Register/memory 

|1 1 1 1 1 1 1 w | 

mod 001 

r/m | 



3/15 


Register 

jO 1 0 0 1 reg | 





r 

3 


CMP = Compare- 








Register/memory with register 

1 0 0 1 1 1 0 1 w j 

mod reg 

r/m | 



3/10 


Register with register/memory 

jo 0 1 1 1 0 0 w 1 

mod reg 

r/m | 



3/10 


Immediate with register/memory 

|1 0 0 0 0 0 s w| 

mod 1 1 1 

r/m | 

data 

| data if s w = 0 1 J 

3/10 


Immediate with accumulator 

1 0 0 1 1 1 1 0 w 1 

data 

1 

data if w = 1 

] 

3/4 

8/16-bit 

NEG = Change sign 

j 1 1 1 1 0 1 1 w | 

mod 0 1 1 

r/m | 



3 


AAA = ASCII adjust for add 

10 0 110 11 1 1 





8 


DAA = Decimal adjust for add 

10 0 1 0 0 1 1 1 1 





4 


AAS = ASCI 1 adjust for subtract ^ 

jo 0 1 1 1 1 1 1 1 





7 


DAS = Decimal adjust for subtract 

jo 0 1 0 1 1 1 1 1 





4 










MUL = Multiply (unsigned) 

jl 1 1 1 0 1 1 w 1 

mod 1 0 0 

r/m | 





Register-Byte 






26-28 


Register-Word 






35-37 


Memory-Byte 






32-34 


Memory-Word 






41-43 


IMUL = Integer multiply (signed) 

|1 1 1 1 0 1 1 w 1 

mod 1 0 1 

r/m | 





Register-Byte 






25-28 


Register-Word 






34-37 


Memory-Byte 






31-34 


Memory-Word 






40-43 



J1PPSIS 







DIV = Divide (unsigned) 

j 1 1 1 1 0 1 1 w 1 

mod 1 1 0 r/m j 





Register-Byte 






29 


Register-Word 






38 


Memory-Byte 






35 


Memory-Word 






44 



Shaded areas indicate instructions not available in iAPX 86, 88 microsystems. 
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FUNCTION 

FORMAT 




Clock 

Cycles 

Comments 

ARITHMETIC (Continued): 







IDIV = Integer divide (signed) 

|1 1 1 1 0 1 1 w | 

mod 111 r/m | 



44-52 


Register-Byte 

Register-Word 

Memory-Byte 

Memory-Word 





53-61 

50-58 

59-67 


AAM = ASCII adjust for multiply 

|1 1 0 1 0 1 0 0 1 

0 0 0 0 1 0 1 0 1 



19 


AAD = ASCII adjust for divide 

|1 10 10 10 11 

0 0 0 0 1 0 1 0 1 



15 


CBW = Convert byte to word 

|1 0 0 1 1 0 0 0 1 




2 


CWD = Convert word to double word 

|l 0 0 1 1 0 0 1 1 




. 4 


LOGIC 

Shift/Rotate Instructions: 







Register/Memory by 1 

|1 1 0 1 0 0 0 w 1 

• mod TTT r/m | 



2/15 


Register/Memory by CL 

|1 1 0 1 0 0 1 w 1 

mod TTT r/m | 



5+n/17 + n 


| 


'4;' a 






TTT Instruction 

0 0 0 ROL 

001 ROR 

0 10 RCL 

Oil RCR 

1 0 0 SHL/SAL 

101 SHR 

111 SAR 




AND = And: 







Reg/memory and register to either 

|0 0 1 0 0 0 d w 1 

mod reg r/m | 



3/10 


Immediate to register/memory 

|1 OOOOOOwl 

mod 1 0 0 r/m | 

data 

| data if w = 1 | 

4/16 


Immediate to accumulator 

|0 0 1 0 0 1 0 w I 

data j 

data if w = 1 

□ 

3/4 

8/16-bit 

TEST = Apd function to flags, no result: 







Register/memory and register 

|l 0 0 0 0 1 0 w 1 

mod rkg r/m | 



3/10 


Immediate data and register/memory 

1 1 1 1 1 0 1 1 w 1 

mod 000 r/m | 

data 

j data if w = 1 | 

4/10 


Immediate data and accumulator 

|1 0 1 0 1 0 0 w 1 

data | 

data if w = 1 

□ 

3/4 

8/16-bit 

OR = Or: 







Reg/memory and register to either 

1 0 0 0 0 1 0 d w 1 

mod reg r/m | 



3/10 


Immediate to register/memory 

|1 000000w| 

mod 001 r/m | 

data 

| data if w = 1 | 

4/16 


Immediate to accumulator 

|0 0 0 0 1 1 0 w 1 

data | 

data if w = 1 

□ 

3/4 

8/16-bit 

XOR = Exclusive or: 







Reg/memory and register to either 

|0 0 1 1 0 0 d w 1 

mod reg r/m | 



3/10 


Immediate to register/memory 

|1 OOOOOOwl 

mod 1 1 0 r/m | 

data 

| data if w = 1 | 

4/16 


Immediate to accumulator 

|o 0 1 1 0 1 0 w 1 

data | 

data if w = 1 

□ 

3/4 

8/16-bit 

NOT = Invert register/memory 

|1 1 1 1 0 1 1 w 1 

mod 010 r/m | 



3 


STRING MANIPULATION: 







MOVS = Move byte/word 

|1 0 1 0 0 1 0 w 1 




14 


CMPS = Compare byte/word 

1 1 0 1 0 0 1 1 w 1 




22 


SCAS = Scan byte/word 

|1 0 1 0 1 1 1 w 1 




15 


LODS = Load byte/wd to AL/AX 

|1 0 1 0 1 1 0 w | 




12 


STOS = Stor byte/wd from AL/A 

|1 0 1 0 1 0 1 w | 




10 


' INS ** inpdt byte/wd from DX port 





■ a,*' " 


jo 1 1 0 1 1 1 w f 









Shaded areas indicate instructions not available in iAPX 86, 88 microsystems. 
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INSTRUCTION SET SUMMARY (Continued) 


FUNCTION 

FORMAT 



Clock 

Cycles 

Comments 

STRING MANIPULATION (Continued)- 

Repeated by count tn CX 




8 +8n 


MOVS -- Move string 

h 1 1 1 0 0 1 0 1 1 

0 1 0 0 1 0 w 1 



CMPS - Compare string 

1 1 11 10 0 1 z 1 1 

0 1 0 0 1 1 w I 


5+22n 


SCAS Scan string 

|1 111001 z I 1 

0 1 0 1 1 1 w I 


5+15n 


LODS ^ Load string 

1 1 11 10 0 1 0 1 1 

0 1 0 1 1 0 w I 


6+11n 


STOS - Store string 

1 1 11 10 0 1 0 1 1 

0 1 0 1 0 1 w| 


6+9n 


'* t T/. -J; 



%$$$ y. ~ r '- 

<< ' ,v< : 

; 

CONTROL TRANSFER 
CALL = Call 

\ f ‘ MA' X [ j rrVi;t * 


■/, v W **T, M-f 

Direct within segment 

|1 1 1 0 1 0 0 0 1 

disp-low | 

disp-high | 

15 


Register/memory 

1 1 111111 1 1 

mod 0 1 0 r m | 


13/19 


indirect within segment 






Direct intersegment 

1 1 0 0 1 1 0 1 0 I 

segment offset j 

23 



c 

segment selector | 









Indirect intersegment 

1 1 111111 1 1 

mod 0 1 1 r m | 

(mod * 11) 

38 


JMP = Unconditional jump- 






Short/long 

|l 110101 1 I 

disp-low | 


14 


Direct within segment 

|l 1 1 0 1 0 0 1 I 

disp-low | 

disp-high | 

14 


Register/memory indirect within segment 1 1 111111 1 | 

mod 1 0 0 r -m | 


11/17 




r 




Direct intersegment 

|1 110101 0 1 

segment offset \ 

14 



c 

segment selector | 









Indirect intersegment 

h 1 1 1 1,1 1 1 1 

mod 1 01 rrn | 

(mod * 11) 

26 


RET = Return from CALL 






Within segment 

|1 100001 1 1 



16 


Within seg adding immed to SP 

|l 100001 0 1 

data-low [ 

data-high j 

18 


Intersegment 

|1 10 0 10 1 1 1 



22 


Intersegment adding immediate to SP 

|1 100101 0 1 

data-low | 

data-high | 

25 









Shaded areas indicate instructions not available in iAPX 86, 88 microsystems 
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INSTRUCTION SET SUMMARY (Continued) 


FUNCTION FORMAT 


Comments 

CONTROL TRANSFER (Continued): 



JE/JZ = Jump on equal/zero |0 1 1 1 0 1 0 0 | 

disp 

□ 

4/13 

JMP not 

JL/JNGE = Jumpon less/not greater orequal |0 1 1 1 1 1 0 0 | 

disp 

□ 

4/13 

taken/JMP 

taken 

JLE/JNG = Jump on less or equal/not greater |0 1 1 1 1 1 1 0 | 

disp 

□ 

4/13 

JB/JNAE = Jump on below/not above or equal |o 1 1 1 0 0 1 0 | 

disp 

□ 

4/13 


JBE/JNA = Jump on below or equal/not above |o 1 1 1 0 1 1 0 | 

disp 

□ 

4/13 


JP/JPE = Jump on parity/parity even |o 1 1 1 1 0 1 0 | 

disp 

□ 

4/13 


JO = Jump on overflow , |o 1 1 1 0 0 0 0 | 

disp 

□ 

4/13 


JS = Jump on sign (oillioodj 

disp 

□ 

4/13 


JNE/JNZ = Jump on not equal/not zero |o 1 1 1 0 1 0 1 | 

disp 

□ 

4/13 


JNL/JGE = Jump on not less/greater or equal |0 1 1 1 1 1 0 1 | 

disp 

□ 

4/13 


JNLE/JG = Jump on not less or equal/greater 1 0 1 1 1 1 1 1 1 | 

disp 

□ 

4/13 


JNB/JAE = Jump on not below/above or equal |o 1 1 1 0 0 1 1 | 

disp 

□ 

4/13 


JNBE/JA = Jump on not below or equal/above 1 0 11 1 Oil 1 | 

disp 

□ 

4/13 


JNP/JPO = Jump on not par/par odd 1 0 1 1 1 1 0 1 1 | 

disp 

□ 

4/13 


JNO = Jump on not overflow |o 1 1 1 0 0 0 1 | 

disp 

□ 

4/13 


JNS = Jump on not sign |o 1 1 1 1 0 0 1 | 

disp 

□ 

4/13 


JCXZ = Jump on CX zero |1 1 1 0 0 0 1 1 | 

disp 

□ 

5/15 


LOOP = Loop CX times |l 1 1 0 0 0 1 0 | 

disp 

□ 

6/16 

LOOP not 
taken/LOOP 

LOOPZ/LOOPE = Loop while zero/equal |l 1 1 0 0 0 0 1 | 

disp 

□ 

6/16 

LOOPNZ/LOOPNE = Loop while not zero/equal |l 1 1 0 0 0 0 0 | 

disp 

□ 

6/16 

taken 






gMEftl Pr$eed,ijrc . 

INT = Interrupt: 


S&i 15 0'% 

S»+ie(n-l|^ 

iS 

Type specified |l 10 0 1 10 1 | 

type 

□ 

47 


Type 3 |l 1 0 0 1 1 0 0 | 

INTO = Interrupt on overflow |1 10 0 111 0 | 

IRET = Interrupt return | 1 10 0 111 1 | 

45 

48/4 

28 

if INT. taken/ 
if INT not 
taken 





wk 


Shaded areas indicate instructions not available in iAPX 86, 88 microsystems. 
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INSTRUCTION SET SUMMARY (Continued) 


FUNCTION 

FORMAT 

Clock 

Cycles 

Comments 

PROCESSOR CONTROL 




CLC = Clear carry 

|1 1 1 1 1 0 0 0 1 

2 


CMC = Complement carry 

|1 1 1 1 0 1 0 1 I 

2 


STC = Set carry 

|1 11110 0 11 

2 


CLD = Clear direction 

|1 111110 0 1 

2 


STD = Set direction 

|1 11111011 

2 


CU = Clear interrupt 

|1 11110 1 0 1 

2 


STI = Set interrupt 

|1 111101 1 1 

2 


HLT = Halt 

|1 1 1 1 0 1 0 0 | 

2 


WAIT = Wait 

|l 0 0 110 1 1 I 

6 

if test = O 

LOCK = Bus lock prefix 

|1 1 1 1 0 0 0 0 1 

2 


ESC = Processor Extension Escape 

1 1 1 0 1 1 T T T I mod LLL r/m | 
(TTT LLL are opcode to processor extension) 

6 



Shaded areas indicate instructions not available in iAPX 86, 88 microsystems. 
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FOOTNOTES 


The effective Address (EA) of the memory operand is 
computed according to the mod and r/m fields: 

if mod = 1 1 then r/m is treated as a REG field 
if mod = OOthenDISP = 0*, disp-low and disp-high 
are absent 

if mod = 01 thenDISP = disp-low sign-extended to 

1 6-bits, disp-high is absent 

if mod = 10 thenDISP = disp-high: disp-low 

if r/m = 000 then EA = (BX) + (SI) + DISP 

if r/m = 001 then EA = (BX) + (Dl) + DISP 

if r/m - 010 then EA = (BP) + (SI) + DISP 

if r/m = 01 1 then EA = (BP) + (Dl) + DISP 

if r/m = 100 then EA = (SI) + DISP 
if r/m = 101 then EA = (Dl) + DISP 
if r/m = 110 then EA = (BP) + DISP* 
if r/m = 111 then EA = (BX) + DISP 

DISP follows 2nd byte of instruction (before data if 
required) 

‘except if mod = 00 and r/m = 110 then EA = disp-high- disp-low. 

NOTE: 

EA CALCULATION TIME IS 4 CLOCK CYCLES FOR ALL MODES, AND IS INCLUDED 
IN THE EXECUTION TIMES GIVEN WHENEVER APPROPRIATE 

SEGMENT OVERRIDE PREFIX 

1 0 0 1 reg 1 1 0 1 


REG is assigned according to the following table: 


16-Bit (w = 1) 

8-Bit (w = 0) 

000 

AX 

000 

AL 

001 

cx 

001 

CL 

010 

DX 

010 

DL 

011 

BX 

011 

BL 

100 

SP 

100 

AH 

101 

BP 

101 

CH 

110 

SI 

110 

DH 

111 

Dl 

111 

BH 


the physical addresses of all operands addressed by 
the BP register are computed using the SS segment 
register. The physical addresses of the destination op- 
erands of the string primitive operations (those ad- 
dressed by the Dl register) are computed using the ES 
segment, which may not be overridden. 


reg is assigned according to the following: 

Segment 
reg Register 

00 ES 

01 CS 

10 SS 

11 DS 
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iAPX 88/10 

8-BIT HMOS MICROPROCESSOR 
8088/8088-2 


■ 8-Bit Data Bus Interface 

■ 16-Bit Internal Architecture 

■ Direct Addressing Capability to 1 
Mbyte of Memory 

■ Direct Software Compatibility with 
iAPX 86/10 (8086 CPU) 

■ 14- Word by 16- Bit Register Set with 
Symmetrical Operations 

■ 24 Operand Addressing Modes 

■ Byte, Word, and Block Operations 


8-Bit and 16-Bit Signed and Unsigned 
Arithmetic in Binary or Decimal, 
Including Multiply and Divide 

Compatible with 8155-2, 8755A-2 and 
8185-2 Multiplexed Peripherals 

Two Clock Rates: 

5 MHz for 8088 
8 MHz for 8088-2 

Available in EXPRESS 

- Standard Temperature Range 

- Extended Temperature Range 


The Intel® iAPX 88/10 is a new generation, high performance microprocessor implemented in N-channel, depletion load, 
silicon gate technology (HMOS), and packaged in a 40-pin CerDIP package. The processor has attributes of both 8- and 
16-bit microprocessors. It is directly compatible with iAPX 86/10 software and 8080/8085 hardware and peripherals. 



MIN 

MODE 


GND 

A14 

A13 

A12 

All 

A10 

A9 

A8 

AD7 

AD6 

AD5 

AD4 

AD3 

AD2 

ADI 

ADO 

NMI 

INTR 

CLK 

GND 


C 1 
C 2 
C 3 
C 4 
C 5 

C 6 

C 7 

C 8 
C 9 
C 10 
C ii 
C 12 

C 13 
c 14 
C 15 

C 16 
C 17 

C 18 

C 19 
C 20 


40 Vcc 
39 □ A15 

□ A16/S3 

□ A17/S4 

□ A18/S5 

□ A19/S6 

□ SS0 

□ MN/MX 
32 □ RD 


36 


HOLD 
HLDA 
WR 
1 0/M 
DT/R 
DEN 
ALE 

B Tnta 

TEST 
READY 
P RESET 


MAX 
MODE 


(HIGH) 


(RQ/GTO) 

(RQ/GT1) 

(LOCK) 

(S2) 

(SI) 

(SO) 

(QS0) 

(QS1) 


Figure 1. iAPX 88/10 CPU Functional Block Diagram 


Figure 2. iAPX 88/10 Pin Configuration 
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Table 1. Pin Description 

The following pin function descriptions are for 8088 systems in either minimum or maximum mode. The “local bus” in 
these descriptions is the direct multiplexed bus interface connection to the 8088 (without regard to additional bus 
buffers). 


Symbol 

Pin No. 

Type 

Name and Function 

AD7-AD0 

9-16 

I/O 

Address Data Bus: These lines constitute the time multiplexed memory/IO 
address (T1) and data (T2, T3, Tw, and T4) bus. These lines are active HIGH and 
float to 3-state OFF during interrupt acknowledge and local bus “hold acknowl- 
edge”. 

A15-A8 

2-8, 39 

0 

Address Bus: These lines provide address bits 8 through 15 for the entire bus 
cycle (T1-T4). These lines do not have to be latched by ALE to remain valid. 
A15-A8 are active HIGH and float to 3-state OFF during interrupt acknowledge 
and local bus “hpld acknowledge”. 

A19/S6, A18/S5, 
A17/S4, A16/S3 

35-38 

0 

Address/Status: During T 1 , these are the four 
most significant address lines for memory op- 
erations. During I/O operations, these lines are 
LOW. During memory and I/O operations, status 
information is available on these lines during 








T2, T3, Tw, and T4. S6 is always low. The status of 

S4 

S3 

CHARACTERISTICS 





the interrupt enable flag bit (S5) is updated at 
the beginning of each clock cycle. S4 and S3 are 
encoded as shown. 

CT(LOW) 

0 

1 (HIGH) 

S6 is 0 (LOW) 

0 

0 

Alternate Data 
Stack 

Code or None 
Data 





This information indicates which segment reg- 
ister is presently being used for data accessing. 








These lines float to 3-state OFF during local bus 
“hold acknowledge”. 





RD 

32 

0 

Read: Read strobe indicates that the processor is performing a memory or I/O 
read cycle, depending on the state of the IO/M pin or S2. This signal is used to 
read devices which reside on the 8088 local bus. RD is active LOW during T2, T3 
and Tw of any read cycle, and is guaranteed to remain HIGH in T2 until the 8088 
local bus has floated. 




This signal floats to 3-state OFF in “hold acknowledge”. 




READY 

22 

1 

READY : is the acknowledgement from the addressed memory or I/O device that 
it will complete the data transfer. The RDY signal from memory or I/O is syn- 
chronized by the 8284 clock generator to form READY. This signal is active 
HIGH. The 8088 READY input is not synchronized. Correct operation is not 
guaranteed if the set up and hold times are not met. 

INTR 

18 

1 

Interrupt Request: is a level triggered input which is sampled during the last 
clock cycle of each instruction to determine if the processor should enter into an 
interrupt acknowledge operation. A subroutine is vectored to via an interrupt 
vector lookup table located in system memory. It can be internally masked by 
software resetting the interrupt enable bit. INTR is internally synchronized. This 
signal is active HIGH. 

TEST 

23 

1 

TEST: input is examined by the “wait for test” instruction. If the TEST input is 
LOW, execution continues, otherwise the processor waits in an “idle” state. This 
input is synchronized internally during each clock cycle on the leading edge of 
CLK. 

NMI 

17 

1 

Non-Maskable Interrupt: is an edge triggered input which causes a type 2 
interrupt. A subroutine is vectored to via an interrupt vector lookup table located 
in system memory. NMI is not maskable internally by software. A transition from 
a LOW to HIGH initiates the interrupt at the end of the current instruction. This 
input is internally synchronized. 
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Table 1. Pin Description (Continued) 


Symbol 

Pin No. 

Type 

Name and Function 

RESET 

21 

1 

RESET : causes the processor to immediately terminate its present activity. The 
signal must be active HIGH for at least four clock cycles. It restarts execution, as 
described in the instruction set description, when RESET returns LOW. RESET 
is internally synchronized. 

CLK 

19 

1 

Clock: provides the basic timing for the processor and bus controller. It is 
asymmetric with a 33% duty cycle to provide optimized internal timing. 

V CC 

40 


Vcc: is the +5V ±10% power supply pin. 

GND 

1, 20 


GND: are the ground pins. 

MN/MX 

33 

1 

Minimum/Maximum: indicates what mode the processor is to operate in. The 
two modes are discussed in the following sections. 


The following pin function descriptions are for the 8088 minimum mode (i.e., MN/MX = Vqq). Only the pin functions which 
are unique to minimum mode are described; all other pin functions are as described above. 


IO/M 

28 

O 

Status Line: is an inverted maximum mode S2. It is used to distinguish a 
memory access from an I/O access. IO/M becomes valid in the T4 preceding a 
bus cycle and remains valid until the final T4 of the cycle (l/0=HIGH, M=LOW). 
IO/M floats to 3-state OFF in local bus “hold acknowledge”. 

WR 

29 

O 

Write: strobe indicates that the processor is performing a write memory or write 
I/O cycle, depending on the state of the IO/M signal. WR is active for T2, T3, and 
Tw of any write cycle. It is active LOW, and floats to 3-state OFF in local bus “hold 
acknowledge”. 

INTA 

24 

O 

INTA: is used as a read strobe for interrupt acknowledge cycles. It is active LOW 
during T2, T3, and Tw of each interrupt acknowledge cycle. 

ALE 

25 

O 

Address Latch Enable: is provided by the processor to latch the address into 
the 8282/8283 address latch. It is a HIGH pulse active during clock low of T1 of 
any bus cycle. Note that ALE is never floated. 

DT/R 

27 

O, 

Data Transmit/Receive: is needed in a minimum system that desires to use an 
8286/8287 data bus transceiver. It is used to control the direction of data flow 
through the transceiver. Logically, DT/R is equivalent to SI in the maximum 
mode, and its timing is the same as for IO/M (T=HIGH, R=LOW). This signal 
floats to 3-state OFF in local “hold acknowledge”. 

DEN 

26 

O 

Data Enable: is provided as an output enable for the 8286/8287 in a minimum 
system which uses the transceiver. DEN is active LOW during each memory and 
I/O access, and for INTA cycles. For a read or INTA cycle, it is active from the 
middle of T2 until the middle of T4, while for a write cycle, it is active from the 
beginning of T2 until the middle of T4. DEN floats to 3-state OFF during local bus 
“hold acknowledge”. 

HOLD, HLDA 

30,31 

1, O 

HOLD: indicates that another master is requesting a local bus “hold”. To be 
acknowledged, HOLD must be active HIGH. The processor receiving the “hold” 
request will issue HLDA (HIGH) as an acknowledgement, in the middle of a T4 or 
Tl clock cycle. Simultaneous with the issuance of HLDA the processor will float 
the local bus and control lines. After HOLD is detected as being LOW, the 
processor lowers HLDA, and when the processor needs to run another cycle, it 
will again drive the local bus and control lines. 

Hold is not an asynchronous input. External synchronization should be 
provided if the system cannot otherwise guarantee the set up time. 

SSO 

34 

O 

Status line: is logically equivalent to SO in the 

IO/M 

DT/R 

SSO 

CHARACTERISTICS 


maximum mode. The combination of SSO, IO/M 
and DT/R allows the system to completely de- 
code the current bus cycle status. 

1 (HIGH) 

0 (LOW) 
0 

0 

0 

0 

0 

0 

Interrupt Acknowledge 
Read I/O port 
Write I/O port 

Code access 
Read memory 
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Table 1. Pin Description (Continued) 


The following pin function descriptions are for the 8088, 8228 system in maximum mode (i.e., MN/MX=GND.) Only the pin 
functions which are unique to maximum mode are described; all other pin functions are as described above. 


Symbol 


Pin No. 


Type 


Name and Function 


S2, SI, SO 


26-28 


O 


Status: is active during clock high of T4, T1, 
and T2, and is returned to the passive state 
(1,1,1) during T3 or during Tw when READY is 
HIGH. This status is used by the 8288 bus con- 
troller to generate all memory andJ/O access 
control signals. Any change by S2, SI, or SO 
during T4 is used to indicate the beginning of a 
bus cycle, and the return to the passive state in 
T3 or Tw is used to indicate the end of a bus 
cycle. 



These signals float to 3-state OFF during “hold 
acknowledge”. During the first clock cycle after 
RESET becomes active, these signals are active 
HIGH. After this first clock, they float to 3-state 


RQ/GTO, 

RQ/GT1 


30, 31 


I/O 


OFF. 

Request/Grant: pins are used by other local bus masters to force the processor 
to release the local b us at th e end of the processor’s current bus cycle . Ea ch pin 
is bidirectional with RQ/GTO having higher priority than RQ/GT1. RQ/GT has an 
internal pull-up resistor, so may be left unconnected. The request/grant se- 
quence is as follows (See Figure 8): 


1 . A pulse of one CLK wide from another local bus master indicates a local bus 
request (“hold”) to the 8088 (pulse 1). 


2. During a T4 or Tl clock cycle, a pulse one clock wide from the 8088 to the 
requesting master (pulse 2), indicates that the 8088 has allowed the local bus 
to float and that it will enter the ‘‘hold acknowledge” state at the next CLK. 
The CPU’s bus interface unit is disconnected logically from the local bus 
during “hold acknowledge”. The same rules as for HOLD/HOLDA apply as for 
when the bus is released. 


3. A pulse one CLK wide from the requesting master indicates to the 8088 (pulse 
3) that the ‘‘hold” request is about to end and that the 8088 can reclaim the 
local bus at the next CLK. The CPU then enters T4. 


Each master-master exchange of the local bus is a sequence of three pulses. 
There must be one idle CLK cycle after each bus exchange. Pulses are active 
LOW. 

If the request is made while the CPU is performing a memory cycle, it will release 
the local bus during T4 of the cycle when all the following conditions are met: 

1. Request occurs on or before T2. 

2. Current cycle is not the low bit of a word. 

3. Current cycle is not the first acknowledge of an interrupt acknowledge 
sequence. 

4. A locked instruction is not currently executing. 

If the local bus is idle when the request is made the two possible events will 
follow: 

1. Local bus will be released during the next clock. 

2. A memory cycle will start within 3 clocks. Now the four rules for a currently 
active memory cycle apply with condition number 1 already satisfied. 


i 
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Table 1. Pin Description (Continued) 





Name and Function 

LOCK 

29 

0 

LOCK: indicates that other system bus masters are not to gain control of the 
system bus while LOCK is active (LOW). The LOCK signal is activated by the 
“LOCK” prefix instruction and remains active until the completion of the next 
instruction. This signal is active LOW, and floats to 3-state off in “hold acknowl- 
edge”. 

QS1, QSO 

24, 25 

0 

Queue Status: provide status to allow external 
tracking of the internal 8088 instruction queue. 

The queue status is valid during the CLK cycle 
after which the queue operation is performed. 



QS1 

OSO 

CHARACTERISTICS 


0 (LOW) 
0 

1 (HIGH) 

0 

0 

No operation 

First byte of opcode from queue 
Empty the queue 
Subsequent byte from queue 



— 

34 

0 

Pin 34 is always high in the maximum mode. 
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FUNCTIONAL DESCRIPTION 
Memory Organization 

The processor provides a 20-bit address to memory which 
locates the byte being referenced. The memory is orga- 
nized as a linear array of up to 1 million bytes, addressed 
as 00000(H) to FFFFF(H). The memory is logically divided 
into code, data, extra data, and stack segments of up to 
64K bytes each, with each segment falling on 16-byte 
boundaries. (See Figure 3.) 

All memory references are made relative to base 
addresses contained in high speed segment registers. The 
segment types were chosen based on the addressing 
needs of programs. The segment register to be selected is 
automatically chosen according to the rules of the follow- 
ing table. All information in one segment type share the 
same logical attributes (e.g. code or data). By structuring 
memory into relocatable areas of similar characteristics 
and by automatically selecting segment registers, pro- 
grams are shorter, faster, and more structured. 

Word (16-bit) operands can be located on even or odd ad- 
dress boundaries. For address and data operands, the 
least significant byte of the word is stored in the lower 
valued address location and the most significant byte in 



the next higher address location. The BIU will auto- 
matically execute two fetch or write cycles for 16-bit 
operands. 

Certain locations in memory are reserved for specific 
CPU operations. (See Figure 4.) Locations from ad- 
dresses FFFF0H through FFFFFH are reserved for 
operations including a jump to the initial system initial- 
ization routine. Following RESET, the CPU will always 
begin execution at location FFFF0H where the jump 
must be located. Locations 00000H through 003FFH are 
reserved for interrupt operations. Four-byte pointers 
consisting of a 16-bit segment address and a 16-bit off- 
set address direct program flow to one of the 256 possi- 
ble interrupt service routines. The pointer elements are 
assumed to have been stored at their respective places 
in reserved memory prior to the occurrence of inter- 
rupts. 

Minimum and Maximum Modes 

The requirements for supporting minimum and maxi- 
mum 8088 systems are sufficiently different that they 
cannot be done efficiently with 40 uniquely defined 
pins. Consequently, the 8088 is equipped with a strap 
pin (MN/MX) which defines the system configuration. 
The definition of a certain subset of the pins changes, 
dependent on the condition of the strap pin. When the 
MN/MX pin is strapped to GND, the 8088 defines pins _24 
through 31 and 34 in maximum mode. When the MN/MX 
pin is strapped to V cc , the 8088 generates bus control 
signals itself on pins 24 through 31 and 34. 



Figure 3. Memory Organization 


Figure 4. Reserved Memory Locations 


Memory 

Reference Need 

Segment Register 
Used 

Segment 
Selection Rule 

Instructions 

CODE (CS) 

Automatic with all instruction prefetch. 

Stack 

STACK (SS) 

All stack pushes and pops. Memory references relative to BP 
base register except data references. 

Local Data 

DATA (DS) 

Data references when: relative to stack, destination of string 
operation, or explicitly overridden. 

External (Global) Data 

EXTRA (ES) 

Destination of string operations: Explicitly selected using a 
segment override. 
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The minimum mode 8088 can be used with either a 
multiplexed or demultiplexed bus. The multiplexed bus 
configuration is compatible with the MCS-85™ multi- 
plexed bus peripherals (8155, 8156, 8355, 8755A, and 
8185). This configuration (See Figure 5) provides the user 
with a minimum chip count system. This architecture 
provides the 8088 processing power in a highly integrated 
form. 

The demultiplexed mode requires one latch (for 64K ad- 
dressability) or two latches (for a full megabyte of ad- 
dressing). A third latch can be used for buffering if the 
address bus loading requires it. An 8286 or 8287 trans- 
ceiver can also be used if data bu s buf fering is required. 
(See Figure 6.) The 8088 provides DEN and DT/R to con- 


trol the transceiver, and ALE to latch the addresses. 
This configuration of the minimum mode provides the 
standard demultiplexed bus structure with heavy bus 
buffering and relaxed bus timing requirements. 

The maximum mode employs the 8288 bus controller. 
(See Figure 7.) The 8288 decodes status lines SO, SI, 
and S2, and provides the system with all bus control 
signals. Moving the bus control to the 8288 provides 
better source and sink current capability to the control 
lines, and frees the 8088 pins for extended large system 
features. Hardware lock, queue status, and two request/ 
grant interfaces are provided by the 8088 in maximum 
mode. These features allow co-processors in local bus 
and remote bus configurations. 
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Figure 7. Fully Buffered System Using Bus Controller 
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Bus Operation 

The 8088 address/data bus is broken into three parts — 
the lower eight address/data bits (AD0-AD7), the middle 
eight address bits (A8-A15), and the upper four address 
bits (A16-A19). The address/data bits and the highest 
four address bits are time multiplexed. This technique 
provides the most efficient use of pins on the proc- 
essor, permitting the use of a standard 40 lead package. 
The middle eight address bits are not multiplexed, i.e. 
they remain valid throughout each bus cycle. In addi- 


tion, the bus can be demultiplexed at the processor with 
a single address latch if a standard, non-multiplexed 
bus is desired for the system. 

Each processor bus cycle consists of at least four CLK 
cycles. These are referred to as T1, T2, T3, and T4. (See 
Figure 8). The address is emitted from the processor 
during T1 and data transfer occurs on the bus during T3 
and T4. T2 is used primarily for changing the direction of 
the bus during read operations. In the event that a “NOT 
READY” indication is given by the addressed device, 



Figure 8. Basic System Timing 


3-88 








iAPX 88/10 


inteT 


“wait” states (Tw) are inserted between T3 and T4. Each 
inserted “wait” state is of the same duration as a CLK 
cycle. Periods can occur between 8088 driven bus cycles. 
These are referred to as “idle” states (Ti), or inactive CLK 
cycles. The processor uses these cycles for internal 
housekeeping. 

During TI of any bus cycle, the ALE (address latch enable) 
signal is emitted (by either the processor or the 8288 bus 
controller, depending on the MN/MX strap). At the trailing 
edge of this pulse, a valid address and certain status 
information for the cycle may be latched. 

Status bits SO, SI , and S2 are used by the bus controller, in 
maximum mode, to identify the type of bus transaction 
according to the following table: 


S2 

Si 

So 

CHARACTERISTICS 

0 (LOW) 

0 

0 

Interrupt Acknowledge 

0 

0 

1 

Read I/O 

0 

1 

0 

Write I/O 

0 

1 

1 

Halt 

1 (HIGH) 

0 

0 

Instruction Fetch 

1 

0 

1 

Read Data from Memory 

1 

1 

0 

Write Data to Memory 

1 

1 

1 

Passive (no bus cycle) 


Status bits S3 through S6 are multiplexed with high order 
address bits ana are therefore valid during T2 through T4. 
S3 and S4 indicate which segment register was used for 
this bus cycle in forming the address according to the 
following table: 


s 4 

S3 

CHARACTERISTICS 

0 (LOW) 

0 

Alternate Data (extra segment) 

0 

1 

Stack 

1 (HIGH) 

0 

Code or None 

1 

1 

Data 


S5 is a reflection of the PSW interrupt enable bit. S6 is 
always equal to 0. 1 

I/O Addressing 

In the 8088, I/O operations can address up to a maximum 
of 64K I/O registers. The I/O address appears in the same 
format as the memory address on bus lines A15-A0. The 
address lines A1 9-A1 6 are zero in I/O operations. The vari- 
able I/O instructions, which use register DX as a pointer, 
have full address capability, while the direct I/O instruc- 
tions directly address one or two of the 256 I/O byte 
locations in page 0 of the I/O address space. I/O ports are 
addressed in the same manner as memory locations. 

Designers familiar with the 8085 or upgrading an 8085 
design should note that the 8085 addresses I/O with an 
8-bit address on both halves of the 1 6-bit address bus. The 
8088 uses a full 16-bit address on its lower 16 address 
lines. 


EXTERNAL INTERFACE 
Processor Reset and Initialization 

Processor initialization or start up is accomplished with 
activation (HIGH) of the RESET pin. The 8088 RESET is 
required to be HIGH for greater than four clock cycles. The 
8088 will terminate operations on the high-going edge of 
RESET and will remain dormant as long as RESET is HIGH. 
The low-going transition of RESET triggers an internal 
reset sequence for approximately 7 clock cycles. After this 
interval the 8088 operates normally, beginning with the 
instruction in absolute location FFFF0H. (See Figure 4.) 
The RESET input is internally synchronized to the proces- 
sor clock. At initialization, the HIGH to LOW transition of 
RESET must occur no sooner than 50 /jls after power up, to 
allow complete initialization of the 8088. 

If INTR is asserted sooner than nine clock cycles after the 
end of RESET, the processor may execute one instruction 
before responding to the interrupt. 

All 3-state outputs float to 3-state OFF during RESET. 
Status is active in the idle state for the first clock after 
RESET becomes active and then floats to 3-state OFF. 

Interrupt Operations 

Interrupt operations fall into two classes: software or 
hardware initiated. The software initiated interrupts and 
software aspects of hardware interrupts are specified in 
the instruction set description in the iAPX 88 book or the 
iAPX 86,88 User’s Manual. Hardware interrupts can be 
classified as nonmaskable or maskable. 

Interrupts result in a transfer of control to a new program 
location. A 256 element table containing address pointers 
to the interrupt service program locations resides in abso- 
lute locations 0 through 3FFH (see Figure 4), which are 
reserved for this purpose. Each element in the table is 4 
bytes in size and corresponds to an interrupt “type.” An 
interrupting device supplies an 8-bit type number, during 
the interrupt acknowledge sequence, which is used to 
vector through the appropriate element to the new inter- 
rupt service program location. 

Non-Maskable Interrupt (NMI) 

The processor provides a single non-maskable interrupt 
(NMI) pin which has higher priority than the maskable 
interrupt request (INTR) pin. A typical use would be to 
activate a power failure routine.The NMI is edge-triggered 
on a LOW to HIGH transition. The activation of this pin 
causes a type 2 interrupt. 

NMI is required to have a duration in the HIGH state of 
greater than two clock cycles, but is not required to be 
synchronized to the clock. Any higher going transition of 
NMI is latched on-chip and will be serviced at the end of 
the current instruction or between whole moves (2 bytes in 
the case of word moves) of a block type instruction. Worst 
case response to NMI would be for multiply, divide, and 
variable shift instructions. There is no specification on 
the occurrence of the low-going edge; it may occur 
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before, during, or after the servicing of NMI. 
Another high-going edge triggers another response if it 
occurs after the start of the NMI procedure. The signal 
must be free of logical spikes in general and be free of 
bounces on the low-going edge to avoid triggering ex- 
traneous responses. 


Maskable Interrupt (INTR) 

The 8088 provides a single interrupt request input (INTR) 
which can be masked internally by software with the 
resetting of the interrupt enable (IF) flag bit. The in- 
terrupt request signal is level triggered. It is internally 
synchronized during each clock cycle on the high-going 
edge of CLK. To be responded to, INTR must be present 
(HIGH) during the clock period preceding the end of the 
current instruction or the end of a whole move for a 
block type instruction. During interrupt response se- 
quence, further interrupts are disabled. The enable bit is 
reset as part of the response to any interrupt (INTR, 
NMI, software interrupt, or single step), although the 
FLAGS register which is automatically pushed onto the 
stack reflects the state of the processor prior to the in- 
terrupt. Until the old FLAGS register is restored, the 
enable bit will be zero unless specifically set by an in- 
struction. 

During the response sequence (See Figure 9), the proc- 
essor executes two successive (back to back) interrupt 
acknowledge cycles. The 8088 emits the LOCK signal 
(maximum mode only) from T2 of the first bus cycle until 
T2 of the second. A local bus “hold” request will not be 
honored until the end of the second bus cycle. In the 
second bus cycle, a byte is fetched from the external in- 
terrupt system (e.g., 8259A PIC) which identifies the 
source (type) of the interrupt. This byte is multiplied by 
four and used as a pointer into the interrupt vector 
lookup table. An INTR signal left HIGH will be continual- 
ly responded to within the limitations of the enable bit 


and sample period. The interrupt return instruction in- 
cludes a flags pop which returns the status of the 
original interrupt enable bit when it restores the flags. 


HALT 

When a software HALT instruction is executed, the 
processor indicates that it is entering the HALT state in 
one of two ways, depending upon which mode is 
strapped. In minimum mode, the processor issues ALE, 
delayed by one clock cycle, to allow the systernto latch 
the halt s tatus. Halt status is available on IO/M, DT/R, 
and SSO. In maximum mode, the processor issues ap- 
propriate HALT status on S2, SI, and SO, and the 8288 
bus controller issues one ALE. The 8088 will not leave 
the HALT state when a local bus hold is entered while in 
HALT. In this case, the processor reissues the HALT in- 
dicator at the end of the local bus hold. An interrupt re- 
quest or RESET will force the 8088 out of the HALT 
state. 


Read/Modify/Write (Semaphore) Operations 
via LOCK 

The LOCK status information is provided by the proc- 
essor when consecutive bus cycles are required during 
the execution of an instruction. This allows the proc- 
essor to perform read/modify/write operations on 
memory (via the “exchange register with memory” 
instruction), without another system bus master receiv- 
ing intervening memory cycles. This is useful in multi- 
processor system configurati ons to accomplish “test 
and set lock” operations. The L6CK signal is activated 
(LOW) in the clock cycle following decoding of the 
LOCK prefix instruction. It is deactivated at the end of 
the last bus cycle of the instruction following the LOCK 
prefix. While LOCK is active, a request on a RQ/GT pin will 
be recorded, and then honored at the end of the LOCK. 



Figure 9. Interrupt Acknowledge Sequence 
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External Synchronization via TEST 

As an alternative to interrupts, t he 80 88 provides a 
single software-testable input pin (TEST). This input is 
utilized by executing a WAIT Instruction. The single 
WAIT instruction is repeatedly executed until the TEST 
Input goes active (LOW). The execution of WAIT does 
not consume bus cycles once the queue is full. 

If a local bus request occurs during WAIT execution, the 
8088 3-states all output drivers. If interrupts are enabled, 
the 8088 will recognize interrupts and process them. 
The WAIT instruction is then refetched, and reexecuted. 


Basic System Timing 

In minimum mode, the MN/MX pin is strapped to V C c 
and the processor emits bus control signals compatible 
with the 8085 bus structure. In maximum mode, the 
MN/MX pin is strapped to GND and the processor emits 
coded status fnformation which the 8288 bus controller 
uses to generate MULTIBUS compatible bus control 
signals. 

System Timing — Minimum System 

(See Figure 8.) 

The read cycle begins in T1 with the assertion of the ad- 
dress latch enable (ALE) signal. The trailing (low going) 
edge of this signal is used to latch the address informa- 
tion, which is valid on the address/data bus (AD0-AD7) 
at this time, into the 8282/8283 latch. Address lines A8 
through A15 do not need to be latched because they re- 
mam valid throughout the bus cycle. From T1 to T4 the 
IO/M signal indicates a memory or I/O operation. At T2 
the address is removed from the address/data bus and 
the bus goes to a high impedance state. The read con- 
trol signal is also asserted at T2. The read (RD) signal 
causes the addressed device to enable its data bus 
drivers to the local bus. Some time later, valid data will 
be available on the bus and the addressed device will 
drive the READY line HIGH. When the processor returns 
the read signal to a HIGH level, the addressed device 
will again 3-state its bus drivers. If a transceiver 
(8286/8287) js re quired to buffer the 8088 local bus, 
signals DT/R and DEN are provided by the 8088. 

A write cycle also begins with the assertion of ALE and 
the emission of the address. The IO/M signal is again 
asserted to indicate a memory or I/O write operation. In 
T2, immediately following the address emission, the 
processor emits the data to be written into the ad- 
dressed location. This data remains valid until at least 
the middle of T4. During T2, T3, and T w , the processor 
asserts the write control signal. The write (WR) signal 
becomes active at the beginning of T2, as opposed to 
the read, which is delayed somewhat into T2 to provide 
time for the bus to float. 

The basic difference between the interrupt acknowl- 
edge cycle a nd a read cycle is that the interrupt 
acknowledge (INTA) signal is asserted in place of the 
read (RD) signal and the address bus is float ed. (See 
Figure 9.)». In the second of two successive INTA cycles, 


a byte of information is read from the data bus, as sup- 
plied by the interrupt system logic (i.e. 8259A priority in- 
terrupt controller). This byte identifies the source (type) 
of the interrupt. It is multiplied by four and used as a 
pointer into the interrupt vector lookup table, as de- 
scribed earlier. 


Bus Timing — Medium Complexity Systems 

(See Figure 10.) 

For medium complexity systems, the MN/MX pin is con- 
nected to GND and the 8288 bus controller is added to 
the system, as well as an 8282/8283 latch for latching 
the system address, and an 8286/8287 transceiver to 
allow for bus loading gr eate r than the_8088 is capable of 
handling. Signals ALE, DEN, and DT/R are generated by 
the 8288 instead of the processor in this configuration, 
although their timing remains relatively the same. The 
8088 status outputs (S2, SI, and SO) provide type of 
cycle information and become 8288 inputs. This bus 
cycle information specifies read (code, data, or I/O), 
write (data or I/O), interrupt acknowledge, or software 
halt. The 8288 thus issues control signals specifying 
memory read or write, I/O read or write, or interrupt 
acknowledge. The 8288 provides two types of write 
strobes, normal and advanced, to be applied as required. 
The normal write strobes have data valid at the leading 
edge of write. The advanced write strobes have the 
same timing as read strobes, and hence, data is not 
valid at the leading edge of write. TTie 8286/8287 trans- 
ceiver receives the u sual T and OE inputs from the 
8288’s DT/R and DEN outputs. 

The pointer into the inter rupt vector table, which is 
passed during the second INTA cycle, can derive from 
an 8259A located on either the local bus or the system 
bus. If the master 8289A priority interrupt controller is 
positioned on the local bus, a TTL gate is required to 
disable the 8286/8287 transceiver when reading from the 
master 8259A during the interrupt acknowledge se- 
quence and software “poll”. 

The 8088 Compared to the 8086 

The 8088 CPU is an 8-bit processor designed around the 
8086 internal structure. Most internal functions of the 
8088 are identical to the equivalent 8086 functions. The 
8088 handles the external bus the same way the 8086 
does with the distinction of handling only 8 bits at a 
time. Sixteen-bit operands are fetched or written in two 
consecutive bus cycles. Both processors will appear 
identical to the software engineer, with the exception of 
execution time. The internal register structure is iden- 
tical and all instructions have the same end result. The 
differences between the 8088 and 8086 are outlined 
below. The engineer who is unfamiliar with the 8086 is 
referred to the iAPX 86, 88 User’s Manual, Chapters 2 and 
4, for function description and instruction set information. 
Internally, there are three differences between the 8088 
and the 8086. All changes are related to the 8-bit bus in- 
terface. 
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• The queue length is 4 bytes in the 8088, whereas the 
8086 queue contains 6 bytes, or three words. The 
queue was shortened to prevent overuse of the bus by 
the BIU when prefetching instructions. This was re- 
quired because of the additional time necessary to 
fetch instructions 8 bits at a time. 

• To further optimize the queue, the prefetching algo- 
rithm was changed. The 8088 BIU will fetch a new in- 
struction to load into the queue each time there is a 1 
byte hole (space available) in the queue. The 8086 
waits until a 2-byte space is available. 

• The internal execution time of the instruction set is 
affected by the 8-bit interface. All 16-bit fetches and 
writes from/to memory take an additional four clock 
cycles. The CPU is also limited by the speed of in- 
struction fetches. This latter problem only occurs 
when a series of simple operations occur. When the 
more sophisticated instructions of the 8088 are being 
used, the queue has time to fill and the execution pro- 
ceeds as fast as the execution unit will allow. 

The 8088 and 8086 are completely software compatible 
by virture of their identical execution units. Software 
that is system dependent may not be completely trans- 
ferable, but software that is not system dependent will 
operate equally as well on an 8088 or an 8086. 


The hardware interface of the 8088 contains the major 
differences between the two CPUs. The pin assign- 
ments are nearly identical, however, with the following 
functional changes: 

• A8- A1 5 — These pins are only address outputs on the 
8088. These address lines are latched internally and 
remain valid throughout a bus cycle in a manner 
similar to the 8085 upper addrqss lines. 


• BHE has no meaning on the 8088 and has been elimi- 
nated. 

• SSO provides the SO status information in the mini- 
mum mode. This output oc curs on pin 34 in minimum 
mode only. DT/R, IO/M, and SSO provide the complete 
bus status in minimum mode. 

• IO/M has been inverted to be compatible with the 
MCS-85 bus structure. 


>• ALE is delayed by one clock cycle in the minimum 
mode when entering HALT, to allow the status to be 
latched with ALE. 
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ABSOLUTE MAXIMUM RATINGS* 


Ambient Temperature Under Bias 0°C to 70 °C 

Storage Temperature -65°C to + 150°C 

Voltage on Any Pin with 

Respect to Ground - 1 .0 to + 7V 

Power Dissipation 2.5 Watt 


* NOTICE : Stresses above those listed under “Absolute 
Maximum Ratings’’ may cause permanent damage to the 
device. This is a stress rating only and functional opera- 
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi- 
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 


D.C. CHARACTERISTICS (8088: t a = o°c to 70°c, v cc = 5V ±io%)* 

(8088-2: T A = 0°C to 70°C, V cc = 5V ±5%) 


Symbol 

Parameter 

Min. 

Max. 

Units 

Test Conditions 

V,L 

Input Low Voltage 

-0.5 

+0.8 

V 

(See note 1 ) 

V| H 

Input High Voltage 

2.0 

V CC +0.5 

V 

(See note 1 ,2) 

V 0 L 

Output Low Voltage 


0.45 

V 

Iql = 2.0 mA 

V OH 

Output High Voltage 

2.4 


V 

Iqh = -400 n A 

•cc 

8088 

Power Supply Current: 8088-2 
P8088 


340 

350 

250 

mA 

T a = 25°C * 

•li 

Input Leakage Current 


±10 

/u,A 

o 

o 

> 

V/ 

z 

> 

V/ 

> 

o 

■lo 

Output Leakage Current 


±10 

/xA 

0.45V « V 0UT « 

V CC 

V C L 

Clock Input Low Voltage 

-0.5 

+0.6 

V 


V CH 

Clock Input High Voltage 

3.9 

V C C +10 

V 


C|N 

Capacitance if Input Buffer 
(All input except 

ad 0 -ad 7 , rq/gt 


15 

PF 

fc = 1 MHz 

C|0 

Capacitance of I/O Buffer 
(AD 0 -AD 7) rq/gt 


15 

PF 

fc = 1 MHz 


*Note: For Extended Temperature EXPRESS V CC = 5V±5% 

Note 1: V| L tested with MN/MX Pin = 0V 
V| H tested with MN/MX Pin = 5V 
MN/MX Pin is a s trap Pin 

Note 2: Not applicable to RQ/GT0 and RQ/GT1 Pins (Pin 30 and 31) 
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A.C. CHARACTERISTICS (8088: t a = o°c to 70°c, v cc = 5V ±10%)* 

(8088-2: T A = 0°C to 70°C, V C c = 5V ±5%) 

MINIMUM COMPLEXITY SYSTEM TIMING REQUIREMENTS 



8088 

8088-2 

/ 

Symbol 

Parameter 

Min. 

Max. 

Min. 

Max. 

Units 

Test 

Conditions 

TCLCL 

CLK Cycle Period 

200 

500 

125 

500 

ns 


TCLCH 

CLK Low Time 

118 


68 


ns 

TCHCL 

CLK High Time 

69 


44 


ns 

TCH1CH2 

CLK Rise Time 


10 


10 

ns 

From 1.0V 
to 3.5V 

TCL2CL1 

CLK Fall Time 


10 


10 

ns 

From 3.5V 
to 1.0V 

TDVCL 

Data in Setup Time 

30 


20 


ns 


TCLDX 

Data in Hold Time 

10 


10 


ns 

TR1VCL 

RDY Setup Time 
into 8284 (See 
Notes 1 , 2) 

35 

‘ 

35 


ns 

TCLR1X 

RDY Hold Time 
into 8284 (See 
Notes 1 , 2) 

0 


0 


ns 


TRYHCH 

READY Setup 
Time into 
8088 

118 


68 


ns 

TCHRYX 

READY Hold Time 
into 8088 

30 


20 


ns 

TRYLCL 

READY Inactive to 
CLK (See Note 3) 

-8 


-8 


ns 

THVCH 

HOLD Setup Time 

35 


20 


ns 

TINVCH 

INTR, NMI, TEST 
Setup Time (See 
Note 2) 

30 


15 


ns 

TILIH 

Input Rise Time 
(Except CLK) 


20 


20 

ns 

From 0.8V 
to 2.0V 

TIHIL 

Input Fall Time 
(Except CLK) 


12 


12 

ns 

From 2.0V 
to 0.8V 


*Note: For Extended Temperature EXPRESS V CC = 5V±5% 
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A.C. CHARACTERISTICS (Continued) 

TIMING RESPONSES 



8088 

8088-2 


Symbol 

Parameter 

Min. 

Max. 

Min. 

Max. 

Units 

Test Conditions 

TCLAV 

Address Valid Delay 

10 

110 

10 

60 

ns 

C L = 20-100 pF for 
all 8088 Outputs 
in addition to 
internal loads 

TCLAX 

Address Hold Time 

10 


10 


ns 

TCLAZ 

Address Float Delay 

TCLAX 

80 

TCLAX 

50 

ns 

TLHLL 

ALE Width 

TCLCH-20 


TCLCH-10 


ns 

TCLLH 

ALE Active Delay 


80 


50 

ns 

TCHLL 

ALE Inactive Delay 


85 


55 

ns 

TLLAX 

Address Hold Time to 
ALE Inactive 

TCHCL-10 


TCHCL-10 


ns 

TCLDV 

Data Valid Delay 

10 

110 

10 

60 

ns 

TCHDX 

Data Hold Time 

10 


10 


ns 

TWHDX 

Data Hold Time After WR 

TCLCH-30 


TCLCH-30 


ns 

^TCVCTV 

Control Active Delay 1 

10 

*110 

10 

70 

ns 

TCHCTV 

Control Active Delay 2 

10 

110 

10 

60 

ns 

TCVCTX 

Control Inactive Delay 

10 

110 : 

10 

70 

ns 

TAZRL 

Address Float to READ 
Active 

0 


0 


ns 

TCLRL 

RD Active Delay 

10 

165 

10 

100 

ns 

TCLRH 

RD Inactive Delay 

10 

150 

10 

80 

ns 

TRHAV 

RD Inactive to Next 
Address Active 

TCLCL-45 


TCLCL-40 


ns 

TCLHAV 

HLDAValid Delay 

10 

160 

10 

100 

ns 

TRLRH 

RD Width 

2TCLCL-75 


2TCLCL-50 


ns 

TWLWH 

WR Width 

2TCLCL-60 


2TCLCL-40 


ns 

TAVAL 

Address Valid to ALE Low 

TCLCH-60 


TCLCH-40 


ns 

TOLOH 

Output Rise Time 


20 


20 

ns 

From 0.8V to 2.0V 

TOHOL 

Output Fall Time 


12 


12 

ns 

From 2.0 V to 0.8V 


A.C. TESTING INPUT, OUTPUT WAVEFORM A.C. TESTING LOAD CIRCUIT 




C L INCLUDES JIG CAPACITANCE 
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WAVEFORMS 


BUS TIMING — MINIMUM MODE SYSTEM 
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WAVEFORMS (Continued) 

BUS TIMING— MINIMUM MODE SYSTEM (Continued) 



NOTES: 1. ALL SIGNALS SWITCH BETWEEN V 0 h AND V 0 l UNLESS OTHERWISE 
SPECIFIED. 

2. RDY IS SAMPLED NEAR THE END OF T 2 , T 3 , Tw TO DETERMINE IF T w 
MACHINES STATES ARE TO BE INSERTED. 

3. TWO INTA CYCLES RUN BACK-TO-BACK. THE 8088 LOCAL ADDR/DATA 
BUS IS FLOATING DURING BOTH INTA CYCLES. CONTROL SIGNALS 
ARE SHOWN FOR THE SECOND INTA CYCLE 

4. SIGNALS AT 8284 ARE SHOWN FOR REFERENCE ONLY. 

5. ALLTIMING MEASUREMENTS ARE MADE AT 1.5V UNLESS OTHERWISE 
NOTED. 
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A.C. CHARACTERISTICS 

MAX MODE SYSTEM (USING 8288 BUS CONTROLLER) 
TIMING REQUIREMENTS 



8088 


8088-2 


Symbol 

Parameter 

Min. 

Max. 

Min. 

Max. 

Units 

Test Conditions 

TCLCL 

CLK Cycle Period 

200 

500 

125 

500 

ns 


TCLCH 

CLK Low Time 

118 


68 


ns 


TCHCL 

CLK High Time 

69 


44 


ns 


TCH1CH2 

CLK Rise Time 


10 


10 

ns 

From 1.0V to 3.5V 

TCL2CL1 

CLK Fall Time • 


10 


10 

ns 

From 3.5V to 1.0V 

TDVCL 

Data In SetupTime 

30 


20 


ns 


TCLDX 

Data In Hold Time 

10 


10 


ns 


TR1VCL 

RDY SetupTime into 8284 
(See Notes 1 , 2) 

35 


35 


ns 


TCLR1X 

RDY Hold Time into 8284 
(See Notes 1 , 2) 

0 


0 


ns 


TRYHCH 

READY SetupTime into 
8088 

118 


68 


ns 


TCHRYX 

READY Hold Time into 8088 

30 


20 


ns 


TRYLCL 

READY Inactive to CLK (See 
Note 4) 

-8 


-8 


ns 


TINVCH 

SetupTime for Recognition 
(INTR, NMI, TEST) 

(See Note 2) 

30 


15 


ns 


TGVCH 

RQ/GT SetupTime 

30 


15 


ns 


TCHGX 

RQ Hold Time into 8086 

40 


30 


ns 


TILIH 

Input Rise Time 
(Except CLK) 


20 


20 

ns 

From 0.8V to' 2.0V 

TIHIL 

Input Fall Time (Except CLK) 


12 


12 

ns 

From 2.0V to 0.8V 


NOTES: 

1 Signal at 8284 or 8288 shown for reference only. 

2. Setup requirement for asynchronous signal only to guarantee recognition at next CLK. 

3. Applies only to T2 state (8 ns into T3 state). 

4. Applies only to T2 state (8 ns into T3 state). 


.j 
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A.C. CHARACTERISTICS 


TIMING RESPONSES 



8088 

8088-2 


Symbol 

Parameter 

Min. 

Max. 

Min. 

Max. 

Units 

Test Conditions 

TCLML 

Command Active Delay (See 
Note 1) 

10 

35 

10 

35 

ns 


TCLMH 

Command Inactive Delay (See 
Note 1) 

10 

35 

10 

35 

ns i 

TRYHSH 

READY Active to Status Passive 
(See Note 3) 


110 


65 

ns 

TCHSV 

Status Active Delay 

10 

110 

10 

60 

ns 

TCLSH 

Status Inactive Delay 

10 

130 

10 

70 

ns 

TCLAV 

Address Valid Delay 

10 

110 

10 

60 

ns 

TCLAX 

Address Hold Time 

10 


10 


ns 

C|_ = 20-100 pF for 
all 8088 Outputs 
in addition to 
internal loads 

; t ■ 

TCLAZ 

Address Float Delay 

TCLAX 

80 

TCLAX 

50 

ns 

TSVLH 

Status Valid to ALE High (See 
Note 1 ) 


15 


15 

ns 

TSVMCH 

Status Valid to MCE High (See 
Note 1 ) 


15 


15 

ns 

TCLLH 

CLK Low to ALE Valid (See 
Note 1) 


15 


15 

ns 

TCLMCH 

CLK Low to MCE High (See 
Note 1 ) 


15 


15 

ns 

TCHLL 

ALE Inactive Delay (See Note 1) 


15 


15 

ns 

TCLMCL 

MCE Inactive Delay (See Note 1) 


15 


15 

ns 

TCLDV 

Data Valid Delay 

10 

110 

10 

60 

ns 

TCHDX 

Data Hold Time 

10 


10 


ns 

TCVNV 

Control Active Delay (See 
Note 1) 

5 

45 

5 

45 

ns 

TCVNX 

Control Inactive Delay (See 
Note 1 ) 

10 

45 

10 

45 

ns 

TAZRL 

Address Float to Read Active 

0 


0 


ns 

TCLRL 

RD Active Delay 

10 

165 

10 

100 

ns 

TCLRH 

RD Inactive Delay 

10 

150 

10 

80 

ns 

TRHAV 

RD Inactive to Next Address 
Active 

TCLCL-45 


TCLCL-40 


ns 

TCHDTL 

Direction Control Active Delay 
(See Note 1 ) 


50 


50 

ns 

TCHDTH 

Direction Control Inactive Delay 
(See Note 1) 


30 


30 

ns 

TCLGL 

GT Active Delay 


85 


50 

ns 

TCLGH 

GT Inactive Delay 


85 


50 

ns 

TRLRH 

RD Width 

2TCLCL-75 


2TCLCL-50 


ns 

TOLOH 

Output Rise Time 


20 

f 

20 

ns 

From 0.8V to 
2.0V 

TOHOL 

Output Fall Time 


12 


12 

ns 

From 2.0V to 
0.8V 
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WAVEFORMS (Continued) 


BUS TIMING — MAXIMUM 
MODE SYSTEM CLK v 
(USING 8288) VCL- 

§^, Si, §5 (EXCEPT HALT) 


WRITE CYCLE TCLAV- 


8288 OUTPUTS I 

SEE NOTES 5,6 | AlSWC OR AIOWC 


A 15-A 8 FLOAT 1 / RESERVED FOR 


CASCADE ADDR / I FLOAT 


8288 OUTPUTS I 
SEE NOTES 5,6 \ INTA 


SOFTWARE 

HALT - (DEN = VoLlRD.lffR^.i^.MWTC.AMWC.lOWe.AlCWC.INTA, DT/fi = V 0 h- 
AD 7-AD0, A 15 -A 8 1 v / 



NOTES: 1. ALL SIGNALS SWITCH BETWEEN V 0H AND V 0 l UNLESS OTHERWISE 
SPECIFIED. 

2. RDY IS SAMPLED NEAR THE END OF T 2 , T 3 , T w TO DETERMINE IF T w 
MACHINES STATES ARE TO BE INSERTED 

3 CASCADE ADDRESS IS VALID BETWEEN FIRST AND SECOND INTA 

4. TWO INTA CYCLES RUN BACK-TO-BACK. THE 8088 LOCAL ADDR/DATA 
BUS IS FLOATING DURING BOTH INTA CYCLES. CONTROL FOR 
POINTER ADDRESS IS SHOWN FOR SECOND INTA CYCLE. 

5. SIGNALS AT 8284 OR 8288 ARE SHOWN FOR REFERENCE ONLY. 

6. THE ISSUANC E OF T HE 82 88 COMMAND AND CONTROL SIGNALS 
(MffDC, HIWTC, AWWC, R5RC, TOWC, AIOWC, INTA AND DEN) LAGS THE 
ACTIVE HIGH 8288 CEN. 

7. ALL TIMING MEASUREMENTS ARE MADE AT 1.5V UNLESS OTHERWISE 
NOTED 

8. STATUS INACTIVE IN STATE JUST PRIOR TO T 4 . 
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ASYNCHRONOUS 
SIGNAL RECOGNITION 


BUS LOCK SIGNAL TIMING 
(MAXIMUM MODE ONLY) 



-Any CLK Cycle — d U Any CLK Cycle 




REQUEST/GRANT SEQUENCE TIMING (MAXIMUM MODE ONLY) 




PULSE 3 i 

^coprocessor/ 

Pv RELEASE / 


COPROCESSOR 
(SEE NOTE 1) 
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iAPX 86/10, 88/10 
INSTRUCTION SET SUMMARY 


76543210 76543210 7654 

| 1 0 0 0 1 0 d w | mod reg nm | 


DEC Decrement 

Register 'memory 
Register 

NEG Change sign 

CMP Compare 

Register memory and register * 
immediate with reqister memory 
immediate with accumulator 
AAS ASCII adiust lor subtract 
OAS Oecimat adiust tor subtract 
Mill Multiply lunsignedi 
IMUL integer multiply isignedi 
AAM ASCII adiust tor multiply 
DIV Divide lunsignedi 
IDIV Integer divide isignedi 
AAO 'ASCII adiust tor divide 
CBW Convert byte to word 
CWO Convert word to double word 


1 t t 0 d w | mod reg 
0 0 0 0 s w I mod I t l 


ARITHMETIC 
ADD Add 

Reg /memory with register to eitl 
immediate to register/memoiy 
Immediate to accumulator 


1 0 0 0 1 0 1 mod reg i m | 
1 0 0 0 1 0 0 mod reg t m~~[ 


0 0 0 0 0 0 a* mod 'eg __r 

1 0 0 0 0 0 s w mod 0 0 0 i 


AOC Add with carry 

Reg /memory with register to either [Tl 

Immediate to register 'memory [Tl 

immediate to accumulator [Tl 

INC Increment 

Register/memory [T" 

Register HP 

AAA ASCII adiust tor add [oj 

OAA=Oecimat adiust for add |oi 


0 0 1 0 0 d w mod reg r i 

0 0 0 0 0 s w | mod 0 1 0 n 
0 0 1 0 i 0 w data 


SHI 'SAL Shift logical anthmetic K 
SHR Shift logical nqht 
SAR Shill arithmetic light 
ROl Rotate tell 
ROR Rotate right 

BCl Rotate through carry llag left 
RCR Rotate through carry right 

ANO And 

Reg memo'y and register to eithe 
Immediate to register memory 
Immediate to accumulator 


TEST And function to flags no result 

Register memory and register | 1 0 0 0 0 1 

immediate data and register memory | 1 1 1 1 0 1 

Immediate data and accumulator f 1 0 1 0 10 



1 1 0 t 1 w 

mod 0 10 r m | 


0 1 0 0 V w 

mod 10 0 i m 


0 1 0 0 V A 

mod 1 0 1 . m 

Ll 

e 

0 1 0 0 v w 

mod 1 1 t i m 

l 0 t 0 0 v a 

mod 0 0 0 i m | 

[T 

1 0 1 0 0 v w 

mod 0 0 1 r m j 

Cl 

1 0 1 0 0 v w 

mod 0 10 r m | 

E 

1 0 1 0 0 V A 

mod 0 ’ 1 r m | 


Reg /memory and reqister to either | 0 0 0 0 1 

Immediate to register memory | 1 0 0 0 0 

Immediate to accumulator | 0 0 0 0 1 

XOH Exclusive or 

Req /memory and register to either | 0 0 1 ID 

Immediate to register 'memory ] 1 0 0 0 0 

Immediate to accumulator j 0 0 1 10 


Reg /memory and register to either | 

0 0 1 0 1 0 d w 

mod reg r m 



Immediate from register/memory | 

1 0 0 0 0 0 s A 

mod 1 0 1 r m 

data f d 

ata it s w Oi | 

Immediate from accumulator | 

0 0 10 11 oTT 

data ~ 

data if w i | 



SM = Subtract with borrow 

Reg /memory and register to either [OOO 
Immediate from register /memory 1 1 0 0 
Immediate from accumulator I 0 0 C 


STRING MANIPULATION 

REP-Repeat 
MOVS=Move byte/word 
CMPS= Compare byte/word 
SCAS-Scan byte/word 
LOOS-load byte/wd to Al/AX 
STOS=Stor byte/wd from Al/A 
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INSTRUCTION SET SUMMARY (Continued) 


CONTROL TRANSFER 
C«u ■ Call 

Direct within segment 
Indirect within segment 


76543210 76543210 76543210 

| 1 1 1 0 1 0 0 0 disp-low disp high 

I 1 1 1 1 1 1 1 1 mod 0 10 r/m 

| 1 0 0 1 1 0 1 0 otfset-low ottset high 

seg low seg high 


JMP =. Unconditional Jump 

Direct within segment 
Direct within segment-short 
Indirect within segment 
Direct intersegment 

Indirect intersegment 

RET = Return from CALL 

Within segment 

Within seg adding immed to SP 


INTO Interrupt on overflow 


Intersegment adding immediate to SP |_ 
JE/JZ=Jump on equal /zero [ 

JL/JN6E=Jump on less/not greater r 
or equal [_ 

JLE/JN6=Jump on less or equal /not- r 
greater L 

JB/JNA£=Jump on below /not above f 
or equal L 

J8E/JNA=Jump on below or equal/ f 
not above L 

JP/JPE=Jump on parity/parity even [ 

J0=Jump on overflow | 

J8=Jump on sign ) 

JNE/JNZ= Jump on not equal /not zero [ 
JNL/J6E=Jump on not less/greater r 
or equal I 

JNLE/JG= Jump on not less or equal/ r 
greater L 


PROCESSOR CONTROL 


CMC Complement c 
STC Set carry 


ESC Escape (to exteri 
LOCK Bus lock prefix 


Footnotts: 

AL = 8-bit accumulator 

AX = 16-bit accumulator 

CX = Count register 

DS = Data segment 

ES = Extra segment 

Above/below refers to unsigned value 

Greater = more positive, 

Less = less positive (more negative) signed values 

if d = 1 then "to" reg, if d = 0 then "from" reg 

if w = 1 then word instruction, if w = 0 then byte instruction 


if s w = 01 then 16 bits of immediate data form the operand 
if s w = 1 1 then an immediate data byte is sign extended to 
form the 16-bit operand 

if v = 0 then “count" = 1, if v = 1 then “count" in (CL) 
x = don't care 

z is used for string primitives for comparison with Z.F FLAG 

SEGMENT OVERRIDE PREFIX 



if mod = 11 then r/m is treated as a REG field 

if mod = 00 then DISP = 0*. disp-low and disp-high are absent 

if mod = 01 then DISP = disp-low sign-extended to 16-bits, disp-high is absent 

if mod = 10 then DISP = disp-high disp-low 

if r/m = 000 then EA = (BX) + (SI) + DISP 

if r/m = 001 then EA = (BX) + (Dl) + DISP 

if r/m = 010 then EA = (BP) + (SI) + DISP 

if r/m = Oil then EA = (BP) + (Dl) + DISP 

if r/m = 100 then EA = (SI) + DISP 

if r/m = 101 then EA = (Dl) + DISP 

if r/m = 110 then EA = (BP) + DISP* 

if r/m = 111 then EA = (BX) + DISP - 

DISP follows 2nd byte of instruction (before data if required) 


REG is assigned according to the following table 


16-Bit (w - 1) 

8-Bit (w = 0) 

Segment 

000 AX 

000 AL 

00 ES 

001 CX 

001 CL 

01 CS 

010 DX 

010 DL 

10 SS 

Oil BX 

Oil BL 

11 DS 

100 SP 

100 AH 


101 BP 

101 CH 


110 SI 

110 DH 


111 Dl 

111 BH 



Instructions which reference the flag register file as a 16-bit object use the symbol FLAGS to 
represent the file 


•except if mod = 00 and r/m = 110 then EA = disp-high disp-low 


FLAGS = X X X X (OF) (DF) (IF) (TF) (SF) (ZF) X (AF) X (PF) X (CF) 


Mnemonics© Intel, 1978 
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iAPX 188 

HIGH INTEGRATION 8-BIT MICROPROCESSOR 


■ Integrated Feature Set 
— Enhanced 8088-2 CPU 
—Clock Generator 

— 2 Independent, High-Speed DMA 
Channels 

—Programmable Interrupt Controller 
— 3 Programmable 16-bit Timers 
— Programmable Memory and 
Peripheral Chip-Select Logic 
— Programmable Wait State Generator 
— Local Bus Controller 

■ 8-Bit Data Bus Interface; 16-bit internal 
architecture 

■ Available in 8MHz (80188) and cost 
effective 6 MHz (80188-6) versions 

■ High-Performance 8 MHz Processor 
— 2 Times the Performance of the 

Standard iAPX 88 


— 2 MByte/Sec Bus Bandwidth 
Interface 

■ Completely Object Code Compatible 
with All Existing iAPX 86, 88 Software 
— 10 New Instruction Types 

■ Direct Addressing Capability to 
1 MByte of Memory 

■ Complete System Development 
Support 

— Development Software: Assembler, 
PL/M, Pascal, Fortran, and System 
Utilities 

—In-Circuit-Emulator (ICE™ -188) 

— iRMX™ 86, 88 Compatible (80130 
OSF) 

■ High Performance Numerical 
Coprocessing Capability Through 8087 
Interface 



Figure 1. iAPX 188 Block Diagram 

Intel Corporation Assumes No Responsibility for the use of Any Circuitry Other Than Circuitry Embodied in an Intel Product No Other Circuit Patent Licenses are implied 

©INTEL CORPORATION, 1982 
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The Intel iAPX 188 (80188 part number) is a highly integrated microprocessor with an 8-bit data bus interface and a 
16-bit internal architecture to give high performance. The iAPX 188 effectively combines 15-20 of the most common 
iAPX 88 system components onto one. The 80188 provides two times greater throughput than the standard 5 MHz 
IAPX 88. The iAPX 188 is upward compatible with iAPX 86 and 88 software and adds 10 new instruction types to the 
existing set. 
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Figure 2. 80188 Pinout Diagram 


Table 1.80188 Pin Description 


Symbol 

Pin No. 

Type 

Name and Function 

V CC> V CC 

9, 43 

1 

System Power: + 5 volt power supply. 

v ss> v ss 

26,60 

1 ^ 

System Ground. 

RESET 

57 

0 

Reset Output indicates that the 80188 CPU is being reset, and can be used as a system 
reset. It is active HIGH, synchronized with the processor clock, and lasts an integer 
number of clock periods corresponding to the length of the RES signal. 

XI, X2 

59,58 

1 

Crystal Inputs, XI and X2, provide an external connection for a fundamental mode 
parallel resonant crystal for the internal crystal oscillator. XI can interface to an 
external clock instead of a crystal. In this case, minimize the capacitance on X2 or 
drive X2 with complemented XI . The input or oscillator frequency is internally divided 
by two to generate the clock signal (CLKOUT). 

CLKOUT 

56 

0 

Clock Output provides the system with a 50% duty cycle waveform, All device pin 
timings are specified relative to CLKOUT. CLKOUT has sufficient MOS drive capabilities 
for the 8087 Numeric Processor Extension. 

RES 

24 

1 

System Reset causes the 80188 to immediately terminate its present activity, clear the 
internal logic, and enter a dormant state. This signal may be asynchronous to the 
80188 clock. The 80188 begins fetching instructions approximately 7 clock cycles 
after RES is returned HIGH. RES is required to be LOW for greater than 4 clock 
cycles and is internally synchronized. For proper initialization, the LOW-to-HIGH transi- 
tion of RES must occur no sooner than 50 microseconds after power up. This input 
is provided with a Schmitt-trigger to facilitate power-on RES generation via an RC 
network. When RES occurs, the 80188 will drive the status lines to an inactive level 
for one clock, and then tri-state them. 
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Table 1. 80188 Pin Description (Continued) 


Symbol 


INTO, INTI, 
INT2/ INTA0 
INT3/INTA1 


A19/S6, 

A18/S5, 

A17/S4, 

A16/S3 


Name and Function 

TEST is examined by the WAIT instruction. If the TEST input i s HIG H when 
“WAIT” execution begins, instruction execution will suspend. TEST will be 
resampled until it goes LOW, at which ti me exe cution will resume. If interrupts 
areenabled whilethe 80188 is waiting for TEST, interrupts will be serviced This 
input is synchronized internally. 



Maskable Interrupt Requests can be requested by strobing one of these pins. 
When configured as inputs, these pins are active HIGH. Interrupt Requests are 
synchronized, internally. INT2 and INT3 may be configured via software to 
provide active-LOW interrupt-acknowledge output signals. All interrupt inputs 
may be configured via software to be either edge- or level-triggered. To ensure 
recognition, all interrupt requests must remain active until the interrupt is 
acknowleged. When iRMX mode is selected, the function of these pins 
changes (see Interrupt Controller section of this data sheet). 

Address Bus Outputs (16-19) and Bus Cycle Status (3-6) reflect the four most 
significant address bits during T-) . These signals are active HIGH. During T2, 
T3, T w, and T4, status information is available on these lines as encoded 
below: 


* 

Low 

High 

S6 

Processor Cycle 

DMA Cycle 


2, 4, 6, 8, 

11,13,15,17 


S3,S4, and S5 are defined as LOW during Tg-T^ 

I/O Address/Data Bus (0-7) signals constitute the time mutiplexed memory or I/O 
address (T-j ) and data (Tg, T3, Tyy, and T4) bus. The bus is active HIGH. 


1,3, 5, 7 O Address-only Bus (8-15), containing valid address from T1-T4. The bus is active 

10,12,14,16 HIGH. 

64 O This signal is always HIGH to indicate that the 80188 has an 8-bit data bus, and is 

tri-state OFF during bus HOLD. 
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Table 1. 80188 Pin Description (Continued) 

Symbol 

Pin 

No. 

Type 

Name and Function 

ALE/QSO 

61 

0 

Address Latch Enable/Queue Status 0 is provided by the 80188 to latch the 


address into the 8282/8283 address latches. ALE is active HIGH. Addresses are 
guaranteed to be valid on the trailing edge of ALE. The ALE rising edge is 
generated off the rising edge of the CLKOUT immediately preceding T-| of the 
associated bus cycle, effectively one-half clock cycle earlier than in the stan- 
dard 80188 The trailing edge is generated off the CLKOUT rising edge in T-( as 

in the 80188 Note that ALE is never floated. 

WR/QS1 63 0 Write Strobe/Queue Status 1 indicates that the data on the bus is to be written 

into a memory or an I/O device. WR is active for J 2 , T3, and T w of any write 
cycle. It is active LOW, and floats during “HOLD.” It is driven HIGH for one clock 
during Reset, and then floated. When the 80188 is in queue status mode, the 
ALE/QSO and WR/QS1 pins provide information about processor/instruction 
queue interaction. 



RD/QSMD 62 O Read Strobe indicates that the 80188 is performing a memory or I/O read cycle 

RD is active LOW for T 2 , T 3 , and T w of any read cycle. It is guaranteed not to go 
LOW in T 2 until after the Address Bus is floated. RD is active LOW, and floats 
during “HOLD.” RD is driven HIGH for one clock during Reset, and then the 
output driver is floated. A weak internal pull-up mechanism on the RD line holds it 
HIGH when the line is not driven. During RESET the pin is sampled to determine 
whether the 80188 should provide ALE, WR, and RD, or if the Queue-Status 
should be provided. RD should be connected to GND to provide Queue-Status 
data. 

ARDY 55 I Asynchronous Ready informs the 80188 that the addressed memory space or 

I/O device will complete a data transfer. The ARDY input pin will accept an 
asynchronous input, and is active HIGH. Only the rising edge is internally 
synchronized by the 80188. This means that the falling edge of ARDY must be 
synchronized to the 80188 clock. If connected to Vcq, no WAIT states are 
inserted. Asynchronous ready (ARDY) or synchronous ready (SRDY) must be 
active to terminate a bus cycle. If unused, this line should be tied low. 

SRDY 49 I Synchronous Ready must be synchronized externally to the 80188. The use of 

SRDY provides a relaxed system-timing specification on the Ready input. This is 
accomplished by eliminating the one-half clock cycle which is required for internally 
resolving the signal level when using the ARDY input. This line is active HIGH. If this 
line is connected to Vqq, no WAIT states are inserted. Asynchronous ready (ARDY) 
or synchronous ready (SRDY) must be active before a bus cycle is terminated. If 
unused, this line should be tied low. 

LOCK 48 O LOCK output indi cates t hat other system b us mas ters are not to gain control of the 

system bus while LOCK is active LOW. The LOCK signal is requested by the LOCK 
prefix instruction and is activated at the beginning of the first data cycle associated 
with the instruction following t he LOC K prefix. It remains active until the co mpletio n 
of the inst ruction following the LOCK prefix. No prefetches will occur while LOCK is 
asserted. LOCK is active LOW, is driven HIGH for one clock during RESET, and 
then floated. 
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Table 1. 80188 Pin Description (Continued) 


Symbol 


Pin 

No. 


Type 


Name and Function 


SO, SI ,S2 


52-54 


Bus cycle status S0-S2 are encoded to provide bus-transaction information: 


80188 Bus Cycle Status Information 

S2 

SI 

so 

Bus Cycle Initiated 

0 

0 

0 

Interrupt Acknowledge 

0 

0 

1 

Read I/O 

0 

1 

0 

Write I/O 

0 

1 

1 

Halt 

1 

0 

0 

Instruction Fetch 

1 

0 

1 

Read Data from Memory 

1 

1 

0 

Write Data to Memory 

1 

1 

1 

Passive (no bus cycle) 


The status pins float during ‘‘HOLD.’’ 

S2 may be used as a logical M/IO indicator, and SI as a DT/R indicator. 

The status lines are driven HIGH for one clock during Reset, and then floated 
until a bus cycle begins. 


HOLD (input) 
HLDA (output) 


50 

51 


I 

0 


HOLD indicates that another bus master is requesting the local bus. The HOLD 
input is active HIGH. HOLD may be asynchronous with respect to the 80188 
clock. The 80188 will issue a HLDA in response to a HOLD request at the end of 
T4 or T| . Simultaneous with the issuance of HLDA, the 80188 will float the local 
bus and control lines. After HOLD is detected as being LOW, the 80188 will 
lower HLDA. When the 80188 needs to run another bus cycle, it will again drive 
the local bus and control lines. 


UCS 


34 


Upper Memory Chip Select is an active LOW output whenever a memory 
reference is made to the defined upper portion (1K-256K block) of m emo ry. 
This line is not floated during bus HOLD. The address range activating UCS is 
software programmable. 


LCS 


33 


Lower Memory Chip Select is active LOW whenever a memory reference is 
made to the defined lower portion (1K-256K) of memory. Thi s line is not 
floated during bus HOLD. The address range activating LCS is software 
programmable. 


MCSO-3 


38,37,36,35 


Mid-Range Memory Chip Select signals are active LOW when a memory 
reference is made to the defined mid-range portion of memory (8K-512K). 
These lines are not floated during bus HOLD. The address ranges activating 
MCSO-3 are software programmable. 


PCSO-4 


25,27-30 


Peripheral Chip Select signals 0-4 are active LOW when a reference is made to 
the defined peripheral area (64K byte I/O space). The se line s are not floated 
during bus HOLD. The address ranges activating PCSO-4 are software 
programmable. 


PCS5/A1 


31 


Peripheral Chip Select 5 or Latched A1 may be programmed to provide a sixth 
peripheral chip select, or to provide an internally latched A1 signal. The 
address range activating PCS5 is sof tware programmable. When programmed 
to provide latched A1, rather than PCS5, this pin will retain the previously 
latched value of A1 during a bus HOLD. A1 is active HIGH. 


PCS6/A2 


32 


Peripheral Chip Select 6 or Latched A2 may be programmed to provide a 
seventh peripheral chip select, or to provide an internally latched A2 signal. 
The address range activating PCS6 is softwa re pro grammable. When pro- 
grammed to provide latched A2, rather than PCS6, this pin will retain the 
previously latched value of A2 during a bus HOLD. A2 is active HIGH. 


DT/R 


40 


Data Transmit/Receive controls the direction of data flow through the external 
8286/8287 data bus transceiver. When LOW, data is transferred to the 80188. 
When HIGH the 80188 places write data on the data bus. 


DEN 


39 


Data Enable is provided as an 8286/8287 data bus tran sceiv er output enable. 
DEN_is active LOW during each memory and I/O access. DEN is HIGH whenever 
DT/R changes state. 
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FUNCTIONAL DESCRIPTION 
Introduction 

The following Functional Description describes the 
base architecture of the iAPX 188. This architecture is 
common to the iAPX 86, 88, and 286 microprocessor 
families as well. The iAPX 186 is a very high integration 
8-bit microprocessor. It combines 15-20 of the most 
common microprocessor system components onto one 
chip while providing twice the performance of the 
standard iAPX 88. The 80188 is object code compatible 
with the iAPX 86, 88 microprocessors and adds 10 new 
instruction types to the existing iAPX 86, 88 instruction 
set. 


iAPX 1 88 BASE ARCHITECTURE 

The iAPX 86, 88, 1 86, 1 88, and 286 family all contain the 
same basic set of registers, instructions and addressing 
modes. The 80188 processor is upward compatible 
with the 8086, 8088, 80186, and 80286 CPUs. 

Register Set 

The 80188 base architecture has fourteen registers 
as shown in Figures 3a and 3b. These registers are 
grouped into the following categories. 

General Registers 

Eight 16-bit general purpose registers may be used to 
contain arithmetic and logical operands. Four of these 
(AX, BX, CX, and DX) can be used as 16-bit registers or 
split into pairs of separate 8-bit registers. 


Segment Registers 

Four 16-bit special purpose registers select, at any 
given time, the segments of memory that are immedi- 
ately addressable for code, stack, and data. (For 
usage, refer to Memory Organization.) 

Base and Index Registers 

Four of the general purpose registers may also be 
used to determine offset addresses of operands in 
memory. These registers may contain base ad- 
dresses or indexes to particular locations within a 
segment. The addressing mode selects the specific 
registers for operand and address calculations. 

Status and Control Registers 

Two 16-bit special purpose registers record or alter 
certain aspects of the 80188 processor state. These 
are the Instruction Pointer Register, which contains 
the offset address of the next sequential instruction 
to be executed, and the Status Word Register, which 
contains status and control flag bits (see Figures 3a 
and 3b). 


Status Word Description 

The Status Word records specific characteristics of 
the result of logical and arithmetic instructions (bits 
0, 2, 4, 6, 7, and 1 1 ) and controls the operation of the 
80188 within a given operating mode (bits 8, 9, and 
10). The Status Word Register is 16-bits wide. The 
function of the Status Word bits is shown in Table 2. 


16-BIT 

REGISTER 

NAME 


SPECIAL 

REGISTER 

FUNCTIONS 


BYTE 

ADDRESSABLE 

(8-BIT 

REGISTER 

NAMES 

SHOWN) 


7 07 0 


AX 

AH 

AL 

DX 

DH 

DL 

CX 

CH 

CL 

BX 

BH 

BL 

BP 


SI 


Dl 


SP 



15 0 


MULTIPLY/DIVIDE 
I/O INSTRUCTIONS 

LOOP/SHIFT/REPEAT/COUNT 

BASE REGISTERS 

INDEX REGISTERS 
STACK POINTER 


GENERAL 

REGISTERS 





CODE SEGMENT SELECTOR 
DATA SEGMENT SELECTOR 
STACK SEGMENT SELECTOR 
EXTRA SEGMENT SELECTOR 


STATUS WORD 
INSTRUCTION POINTER 


STATUS AND CONTROL 
REGISTERS 


Figure 3a. 80188 General Purpose Register Set 
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STATUS FLAGS 

CARRY 

PARITY — 

AUXILIARY CARRY 

ZERO 

SIGN 

OVERFLOW 1 

15 14 13 12 f ll 10 9 

STATUS WORD: N\\\M\N\\\\M\N ° F I f I * 


TF | SF | ZF h\\\\| AF ^53 " K\\\M CF ~1 


CONTROL FLAGS 
TRAP FLAG 
INTERRUPT ENABLE 
DIRECTION FLAG 


ES3 


INTEL RESERVED 


Figure 3b. Status Word Format 


Table 2. Status Word Bit Functions 


Bit 

Position 

Name 

Function 

0 

CF 

Carry Flag-Set on high-order bit 
carry or borrow; cleared otherwise 

2 

PF 

Parity Flag — Set if low-order 8 bits 
of result contain an even number of 
1 -bits; cleared otherwise 

4 

AF 

Set on carry from or borrow to the 
low order four bits of AL, cleared 
otherwise 

6 

ZF 

Zero Flag-Set if result is zero, 
cleared otherwise 

7 

SF 

Sign Flag — Set equal to high-order 
bit of result (0 if positive, 1 if negative) 

8 

TF 

Single Step Flag — Once set. a sin- 
gle step interrupt occurs after the 
next instruction executes TF is 
cleared by the single step interrupt. 

9 

IF 

Interrupt-enable Flag — When set, 
maskable interrupts will cause the 
CPU to transfer control to an inter- 
rupt vector specified location. 

10 

DF 

Direction Flag — Causes string 
instructions to auto decrement 
the appropriate index register 
when set. Clearing DF causes 
auto increment. 

11 

OF 

Overflow Flag — Set if the signed 
result cannot be expressed 
within the number of bits in the 
destination operand; cleared 
otherwise 


manipulation, control transfer, high-level instruc- 
tions, and processor control. These categories are 
summarized in Figure 4. 

An 80188 instruction can reference anywhere from 
zero to several operands. An operand can reside in a 
register, in the instruction itself, or in memory. Spe- 
cific operand addressing modes are discussed later 
in this data sheet. 

Memory Organization 

Memory is organized in sets of segments. Each seg- 
ment is a linear contiguous sequence of up to 64K 
(2 16 ) 8-bit bytes. Memory is addressed using a two- 
component address (a pointer) that consists of a 
16-bit base segment and a 16-bit offset. The 16-bit 
base values are contained in one of four internal 
segment registers (code, iata, stack, extra). The 
physical address is calculated by shifting the base 
value LEFT by four bits and adding the 16-bit offset^ 
value to yield a 20-bit physical address (see Figure 5). 
This allows for a 1 MByte physical address size. 

All instructions that address operands in memory 
must specify the base segment and the 16-bit offset 
value. For speed and compact instruction encoding, 
the segment register used for physical address gen- 
eration is implied by the addressing mode used (see 
Table 3). These rules follow the way programs are 
written (see Figure 6) as independent modules that 
require areas for code and data, a stack, and access 
to external data areas. 


Instruction Set Special segment override instruction prefixes allow 

the implicit segment register selection rules to be 
The instruction set is divided into seven categories: overridden for special cases. The stack, data, and 

data transfer, arithmetic, shift/rotate/logical, string extra segments may coincide for simple programs. 
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MOVS 

Move byte or word string 

INS 

Input bytes or word string 

OUTS 

Output bytes or word string 

CMPS 

Compare byte or word string 

SCAS 

Scan byte or word string 

LODS 

Load byte or word string 

STOS 

Store byte or word string 

REP 

Repeat 

REPE/REPZ 

Repeat while equal/zero 

•REPNE/REPNZ 

Repeat while not equal/not zero 


GENERAL PURPOSE 

MOV 

Move byte or word 

PUSH 

Push word onto stack 

POP 

Pop word off stack 

PUSHA 

Push all registers on stack 

POPA 

Pop all registers from stack 

XCHG 

Exchange byte or word 

XL AT 

Translate byte 

| INPUT/OUTPUT | 

IN 

Input byte or word 

OUT 

Output byte or word 


LEA 


LDS 

Load pointer using DS 

LES 

Load pointer using ES 

1 FLAG TRANSFER | 

LAHF 

Load AH register from flags 

SAHF 

Store AH register in flags 

PUSHF 

Push flags onto stack 

POPF 

Pop flags off stack 


LOGICALS 

NOT 

“Not” byte or word 

AND 

“And” byte or word 

OR 

“Inclusive or” byte or word 

XOR 

“Exclusive or” byte or word 

TEST 

“Test” byte or word 

| SHIFTS 1 

SHL/SAL 

Shift logical/arithmetic left byte or word 

SHR 

Shift logical right byte or word 

SAR 

Shift arithmetic right byte or word 

j ROTATES | 

ROL 

Rotate left byte or word 

ROR 

Rotate right byte or word 

RCL 

Rotate through carry left byte or word 

RCR 

Rotate through carry right byte or word 


ADDITION 

ADD 

Add byte or word 

ADC 

Add byte or word with carry 

INC 

Increment byte or word by 1 

AAA 

ASCII adjust for addition 

DAA 

Decimal adjust for addition 

| SUBTRACTION | 

SUB 

Subtract byte or word 

SBB 

Subtract byte or word with borrow 

DEC 

Decrement byte or word by 1 

NEG 

Negate byte or word 

CMP 

Compare byte or word 

AAS 

ASCII adjust for subtraction 

DAS 

, Decimal adjust for subtraction 


MUL 


IMUL 

Integer multiply byte or word 

AAM 

ASCII adjust for multiply 

| DIVISION | 

DIV 

Divide byte or word unsigned 

IDIV 

Integer divide byte or word 

AAD 

ASCII adjust for division 

CBW 

Convert byte to word 

CWD 

Convert word to doubleword 


FLAG OPERATIONS 

STC 

Set carry flag 

CLC 

Clear carry flag 

CMC 

Complement carry flag 

STD 

Set direction flag 

CLD 

Clear direction flag 

STI 

Set interrupt enable flag 

CLI 

Clear interrupt enable flag 

| EXTERNAL SYNCHRONIZATION | 

HLT 

Halt until interrupt or reset 

WAIT 

Wait for TEST pm active 

ESC 

Escape to extension processor 

LOCK 

Lock bus during next instruction 

NO OPERATION 

NOP | No operation 

HIGH LEVEL INSTRUCTIONS 

ENTER 

Format stack for procedure entry 

LEAVE 

Restore stack for procedure exit 

BOUND 

Detects values outside prescribed range 


Figure 4. iAPX 188 Instruction Set 
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, CONDITIONAL TRANSFERS 

UNCONDITIONAL TRANSFERS j 

JA/JNBE 

Jump if above/not below nor equal 

CALL 

Call procedure 

JAE/JNB 

Jump if above or equal/not below 

RET 

Return from procedure 

JB/JNAE 

Jump if below/not above nor equal 

JMP 

Jump 

JBE/JNA 

Jump if below or equal/not above 

JC 

Jump if carry 

ITERATION CONTROLS | 

JE/JZ 

Jump if equal/zero 

LOOP 

Loop 

JG/JNLE 

Jump if greater/not less nor equal 

JGE/JNL 

Jump if greater or equal/not less 

LOOPE/LOOPZ 

Loop if equal/zero 

JL/JNGE 

Jump if less/not greater nor equal 

LOOPNE/LOOPNZ 

Loop! if not equal/not zero 

JLE/JNG 

Jump if less or equal//iot greater 

JCXZ 

Jump if register CX = 0 

JNC 

Jump if not carry 


Jump if not equal/not zero 

INTERRUPTS | 


Jump if not overflow 

INT 

Interrupt 


Jump if not parity/parity odd 

JNS 

Jump if not sign 

INTO 

Interrupt if overflow 

JO 

Jump if overflow 

IRET 

Interrupt return 

JP/JPE 

Jump if parity/parity even 

JS 

Jump if sign 


Figure 4. iAPX 188 Instruction Set (continued) 


To access operands that do not reside in one of the 
four immediately available segments, a full 32-bit 
pointer can be used to reload both the base (seg- 
ment) and offset values. 



SHIFT LEFT 4 BITS 

| i 


3 4 


[ 


0 0 2 2 


PHYSICAL ADDRESS 


SEGMENT 

BASE 

0 

JjoFFSET 

0 


LOGICAL 

ADDRESS 


Figure 5. Two Component Address 


Table 3. Segment Register Selection Rules 


Memory 

Reference 

Needed 

Segment 

Register 

Used 

Implicit Segment 
Selection Rule 

Instructions 

Code (CS) 

Instruction prefetch and 
immediate data. 

Stack 

Stack (SS) 

All stack pushes and 
pops;' any memory refer- 
ences which use BP Reg- 
ister as a base register. 

External 

Data 

(Global) 

Extra (ES) 

All string instruction 
references which use 
the Dl register as an 
index. 

Local Data 

Data (DS) 

All other data references. 


r 1 

i . i 



i 


PROCESS 
DATA 
BLOCK 2 


I I 

L J 

MEMORY 


Figure 6. Segmented Memory Helps 
Structure Software 
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Addressing Modes 

The 80188 provides eight categories of addressing 
modes to specify operands. Two addressing modes 
are provided for instructions that operate on register 
or immediate operands: 

• Register Operand Mode: The operand is located in 
one of the 8- or 16-bit general registers. 

• Immediate Operand Mode: The operand is in- 
cluded in the instruction. 

Six modes are provided to specify the location of an 
operand in a memory segment. A memory operand 
address consists of two 16-bit components: a seg- 
ment base and an offset. The segment base is sup- 
plied by a 16-bit segment register either implicity 
chosen by the addressing mode or explicitly chosen 
by a segment override prefix. The offset, also called 
the effective address, is calculated by summing any 
combination of the following three address 
elements: 

• the displacement (an 8- or 16-bit immediate value 
contained in the instruction); 

• the base (contents of either the BX or BP base 
registers); and 

• the index (contents of either the SI or Dl index 
registers). 

Any carry out from the 16-bit addition is ignored. 
Eight-bit displacements are sign extended to 16-bit 
values. 

Combinations of these three address elements 
define the six memory addressing modes, described 
below. 

• Direct Mode: The operand’s offset is contained in 
the instruction as an 8- or 16-bit displacement 
element. 

• Register Indirect Mode: The operand’s offset is in 
one of the registers SI, Dl, BX, or BP. 

• Based Mode: The operand’s offset is the sum of an 
8- or 16-bit displacement and the contents of a 
base register (BX or BP). 

• Indexed Mode: The operand’s offset is the sum of 
an 8- or 16-bit displacement and the contents of an 
index register (SI or Dl). 

• Based Indexed Mode: The operand’s offset is the 
sum of the contents of a base register and an index 
register. 

• Based Indexed Mode with Displacement: The 
operand’s offset is the sum of a base register’s 
contents, an index register’s contents, and an 8- or 
16-bit displacement. 


Data Types 

The 80188 directly supports the following datatypes: 

• Integer: A signed binary numeric value contained 
in an 8-bit byte or a 16-bit word. All operations 
assume a 2’s complement representation. Signed 

32- and 64-bit integers are supported using the 
iAPX 188/20 Numeric Data Processor. 

• Ordinal: An unsigned binary numeric value con- 
tained in an 8-bit byte or a 16-bit word. 

• Pointer: A 16- or 32-bit quantity, composed of a 
16-bit offset component or a 16-bit segment base 
component in addition to a 16-bit offset 
component. 

• String: A contiguous sequence of bytes or words. 
A string may contain from 1 to 64K bytes. 

• ASCII: A byte representation of alphanumeric and 
control characters using the ASCII standard of 
character representation. 

• BCD: A byte (unpacked) representation of the de- 
cimal digits 0-9. 

• Packed BCD: A byte (packed) representation of 
two decimal digits (0-9). One digit is stored in each 
nibble (4-bits) of the byte. 

• Floating Point: A signed 32-, 64-, or 80-bit real 
number representation. (Floating point operands 
are supported using the iAPX 188/20 Numeric Data 
Processor configuration.) 

In general, individual data elements must fit within 
defined segment limits. Figure 7 graphically 
represents the data types supported by the iAPX 188. 

I/O Space 

The I/O space consists of 64K 8-bit or 32K 16-bit 
ports. Separate instructions address the I/O space 
with either an 8-bit port address, specified in the 
instruction, or a 16-bit port address in the DX regis- 
ter. 8-bit port addresses are zero extended such that 
Ai 5 -A 8 are LOW. I/O port addresses 00F8(H) through 
00FF(H) are reserved. 

Interrupts 

An interrupt transfers execution to a new program 
location. The old program address (CS:IP) and ma- 
chine state (Status Word) are saved on the stack to 
allow resumption of the interrupted program. Inter- 
rupts fall into three classes: hardware initiated, INT 
instructions, and instruction exceptions. Hardware 
initiated interrupts occur in response to an external 
input and are classified as non-maskable or 
maskable. 
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EXPONENT MAGNITUDE 


NOTE: 

‘SUPPORTED BY iAPX 188/20 NUMERIC DATA PROCESSOR 
CONFIGURATION 


Figure 7. iAPX 188 Supported Data Types 


Programs may cause an interrupt with an INT in- 
struction. Instruction exceptions occur when an un- 
usual condition, which prevents further instruction 
processing, is detected while attempting to execute 
an instruction. If the exception was caused by ex- 
ecuting an ESC instruction with the ESC trap bit set 
in the relocation register, the return instruction will 
point to the ESC instruction, or to the segment over- 
ride prefix immediately preceding the ESC instruc- 
tion if the prefix was present. In all other cases, the 
return address from an exception will point at the 
instruction immediately following the instruction 
causing the exception. 

A table containing up to 256 pointers defines the 
proper interrupt service routine for each interrupt. 
Interrupts 0-31, some of which are used for instruc- 
tion exceptions, are reserved. Table 4 shows the 
80188 predefined types and default priority levels. 
For each interrupt, an 8-bit vector must be supplied 
to the 80188 which identifies the appropriate table 
entry. Exceptions supply the interrupt vector inter- 
nally. In addition, internal peripherals and non- 
cascaded external interrupts will generate their own 
vectors through the internal interrupt controller. INT 
instructions contain or imply the vector and allow 
access to all 256 interrupts. Maskable hardware in- 
itiated interrupts supply the 8-bit vector to the CPU 
during an interrupt acknowledge bus sequence. 
Non-maskable hardware interrupts use a predefined 
internally supplied vector. 

Interrupt Sources 

The 80188 can service interrupts generated by soft- 
ware or hardware. The software interrupts are 
generated by specific instructions (INT, ESC, unused 
OP, etc.) or the results of conditions specified by 
instructions (array bounds check, INTO, DIV, IDIV, 
etc.). All interrupt sources are serviced by an indirect 
call through an element of a vector table. This vector 
table is indexed by using the interrupt vector type 
(Table 4), multiplied by four. All hardware-generated 
interrupts are sampled at the end of each instruction. 
Thus, the software interrupts will begin service first. 
Once the service routine is entered and interrupts 
are enabled, any hardware source of sufficient 
priority can interrupt the service routine in progress. 

The software generated 80188 interrupts are described 
below. 

DIVIDE ERROR EXCEPTION (TYPE 0) 

Generated when a DIV or IDIV instruction quotient 
cannot be expressed in the number of bits in the 
destination. 
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Table 4. 80188 Interrupt Vectors 


Interrupt Name 

Vector 

Type 

Default 

Priority 

Related 

Instructions 

Divide Error 

0 

*1 

DIV, IDIV 

Exception 




Single Step 

1 

12**2 

All 

Interrupt 




NMI 

2 

1 

All 

Breakpoint 

3 

*1 

INT 

Interrupt 




INTO Detected 

4 

*1 

INTO 

Overflow 




Exception 




Array Bounds 

5 

*1 

BOUND 

Exception 




Unused-Opcode 

6 

*1 

Undefined 

Exception 



Opcodes 

ESC Opcode 

7 

*r** 

ESC Opcodes 

Exception 




Timer 0 interrupt 

8 

2A**** | 


Timer 1 Interrupt 

18 

2B**** 


Timer 2 Interrupt 

19 

2C**** 


Reserved 

9 

3 


DMA 0 Interrupt 

10 

4 


DMA 1 Interrupt 

11 

5 


INTO Interrupt 

12 

6 


INTI Interrupt 

13 

7 


INT2 Interrupt 

14 

8 


INT3 Interrupt 

15 

9 



NOTES: 

*1 These are generated as the result of an instruction 
execution 

**2 This is handled as in the 8088 
****3 All three timers constitute one source of request to the 
interrupt controller The Timer interrupts all have the same 
default priority level with respect to all other interrupt 
sources However, they have a defined priority ordering 
amongst themselves. (Priority 2A is higher priority than 
2B ) Each Timer interrupt has a separate vector type 
number 

4 Default priorities for the interrupt sources are used only if 
the user does not program each source into a unique 
priority level 

***5 An escape opcode will cause a trap only if the proper bit is 
set in the peripheral control block relocation register 


SINGLE-STEP INTERRUPT (TYPE 1) 

Generated after most instructions if the TF flag is set. 
Interrupts will not be generated after prefix instruc- 
tions (e.g., REP), instructions which modify segment 
registers (e.g., POP DS), or the WAIT instruction. 

NON-MASKABLE INTERRUPT— NMI (TYPE 2) 

An external interrupt source which cannot be 
masked. 

BREAKPOINT INTERRUPT (TYPE 3) 

A one-byte version of the INT instruction. It uses 12 
as an index into the service routine address table 
(because it is a type 3 interrupt). 


INTO DETECTED OVERFLOW EXCEPTION 
(TYPE 4) 

Generated during an INTO instruction if the OF bit is 
set. 

ARRAY BOUNDS EXCEPTION (TYPE 5) 

Generated during a BOUND instruction if the array 
index is outside the array bounds. The array bounds 
are located in memory at a location indicated by one 
of the instruction operands. The other operand indi- 
cates the value of the index to be checked. 

UNUSED OPCODE EXCEPTION (TYPE 6) 

Generated if execution is attempted on undefined 
opcodes. 

ESCAPE OPCODE EXCEPTION (TYPE 7) 

Generated if execution is attempted of ESC opcodes 
(D8H-DFH). This exception will only be generated if a 
bit in the relocation register is set. The return ad- 
dress of this exception will point to the ESC instruc- 
tion causing the exception. If a segment override 
prefix preceded the ESC instruction, the return ad- 
dress will point to the segment override prefix. 

Hardware-generated interrupts are divided into two 
groups: maskable interrupts and non-maskable in- 
terrupts. The 80188 provides maskable hardware in- 
terrupt request pins INT0-INT3. In addition, 
maskable interrupts may be generated by the 80188 
integrated DMA controller and the integrated timer 
unit. The vector types for these interrupts is shown in 
Table 4. Software enables these inputs by setting the 
interrupt flag bit (IF) in the Status Word. The interrupt 
controller is discussed in the peripheral section of 
this data sheet. 

Further maskable interrupts are disabled while 
servicing an interrupt because the IF bit is reset as 
part of the response to an interrupt or exception. The 
saved Status Word will reflect the enable status of the 
processor prior to the interrupt. The interrupt flag 
will remain zero unless specifically set. The interrupt 
return instruction restores the Status Word, thereby 
restoring the original status of IF bit. If the interrupt 
return re-enables interrupts, and another interrupt is 
pending, the 80188 will immediately service the 
highest-priority interrupt pending, i.e., no instruc- 
tions of the main line program will be executed. 

Non-Maskable Interrupt Request (NMI) 

A non-maskable interrupt (NMI) is also provided. 
This interrupt is serviced regardless of the state of 
the IF bit. A typical use of NMI would be to activate a 
power failure routine. The activation of this input 
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causes an interrupt with an internally supplied vector 
value of 2. No external interrupt acknowledge se- 
quence is performed. The IF bit is cleared at the 
beginning of an NMI interrupt to prevent maskable 
interrupts from being serviced. 

Single-Step Interrupt 

The 80188 has an internal interrupt that allows pro- 
grams to execute one instruction at a time. It is called 
the single-step interrupt and is controlled by the 
single-step flag bit (TF) in the Status Word. Once this 
bit is set, an internal single-step interrupt will occur 
after the next instruction has been executed. The 
interrupt clears the TF bit and uses an internally 
supplied vector of 1 . The IRET instruction is used to 
set the TF bit and transfer control to the next instruc- 
tion to be single-stepped. 

Initialization and Processor Reset 

Processor initia lization or startupjs accomplished by 
driving the RES input pin LOW. RES forces the 801 88 to 
terminate all execution and local bus activi ty. N o 
instructiono r bus activity will occur as long as RES is 
active. After RES becomes inactive and an internal pro- 
cessing interval elapses, the 80188 begins execution 
withthe instruction at physical location FFFFO(H). RES 
also sets some registers to predefined values as shown 
in Table 5. 


Table 5. 80188 Initial Register State after RESET 


Status Word 

F002(H) 

Instruction Pointer 

0000(H) 

Code Segment 

FFFF(H) 

Data Segment 

0000(H) 

Extra Segment 

0000(H) 

Stack Segment 

0000(H) 

Relocation Register 

20FF(H) 

UMCS 

FFFB(H) 


THE 80188 COMPARED TO THE 80186 


The80188 CPU is an 8-bit processor designed around 
the 801 86 internal structure. Most internal functions of 
the 80188 are identical to the equivalent 80186 func- 
tions. The 80188 handles the external bus the same 
way the 80186 does with the distinction of handling 
only 8 bits at a time. Sixteen bit operands are fetched 
or written i n two consecutive bus cycles. Both proces- 
sors will appear identical to the software engineer, 
with the exception of execution; time. The internal 
register structure is identical and dll instructions have 


the same end result. The differences between the 
80188 and 80186 are outlined below. Internally, there 
are three differences between the 80188 and the 
801 86. All changes are related to the 8-bit bus interface. 

• The queue length is 4 bytes in the 80188, whereas 
the 80186 queue contains 6 bytes, or three words. 
The queue was shortened to prevent overuse of the 
bus by the BIU when prefetching instructions. This 
was required because of the additional time neces- 
sary to fetch instructions 8 bits at a time. 

• To further optimize the queue, the prefetching algo- 
rithm was changed. The 80188 BIU will fetch a new 
instruction to load into the queue each time there is 
a 1-byte hole (space available) in the queue. The 
80186 waits until a 2-byte space is available. 

• The internal execution time of the instruction is 
affected by the 8-bit interface. All 16-bit fetches and 
writes from/to memory take an additional four clock 
cycles. The CPU may also be limited by the speed of 
instruction fetches when a series of simple opera- 
tions occur. When the more sophisticated instruc- 
tions of the 80188 are being used, the queue has 
time to fill and the execution proceeds as fast as the 
execution unit will allow. 

The 801 88 and 801 86 are completely software compat- 
ible by virture of their identical execution units. Soft- 
ware that is system dependent may not be completely 
transferable, but software that is not system depen- 
dent will operate equally well on an 80188 or an 80186. 

The hardware interface of the 80188 contains the 
major differences between the two CPUs. The pin 
assignments are nearly identical, however, with the 
following functional changes. 

• A8-A15— These pins are only address outputs on 
the 801 88. These address lines are latched internally 
and remain valid throughout a bus cycle in a manner 
simil ar to the 8086 upper address lines. 

• BHE has no meaning on the 80188 and has been 
eliminated. 

IAPX 188 CLOCK GENERATOR 

The iAPX 188 provides an on-chip clock generator 
for both internal and external clock generation. The 
clock generator features a crystal oscillator, a divide- 
by-two counter, synchronous and asynchronous 
ready inputs, and reset circuitry. 
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Oscillator 

The oscillator circuit of the iAPX 188 is designed to 
be used with a parallel resonant fundamental mode 
crystal. This is used as the time base for the iAPX 186. 
The crystal frequency selected will be double the 
CPU clock frequency. Use of an LC or RC circuit is not 
recommended with this oscillator. If an external oscil- 
lator is used, it can be connected directly to input pin 
XI in lieu of a crystal. The output of the oscillator is 
not directly available outside the iAPX 188. The 
recommended crystal configuration is shown in 
Figure 8. 


READY Synchronization 

The iAPX 188 provides both synchronous and asynch- 
ronous ready inputs. Asynchronous ready synchroniza- 
tion is accomplished by circuitry which samples ARDY 
in the middle of T 2 , T3 and again in the middle of each T w 
until ARDY is sampled HIGH. One-half CLKOUT cycle 
of resolution time is used. Full synchronization is per- 
formed only onthe rising edge of ARDY, i.e., the falling 
edge of ARDY must be synchronized to the CLKOUT 
signal if it will occur during T 2 , T 3 or T w . HIGH-to-LOW 
transitions of ARDY must be performed synchronously 
to the CPU clock. 



20pF 


x MHz CRYSTAL 




20pF 


80186 (8 MHz) 

16 

80186-6 (6 MHz) 

12 


Figure 8. Recommended iAPX 188 Crystal 
Configuration 

The following parameters may be used for choosing a 
crystal: 

Temperature Range: 0to70°C 

ESR (Equivalent Series Resistance): 30Q max 

Co (Shunt Capacitance of Crystal): 7.0 pf max 

C L (Load Capacitance): 20 pf ± 2 pf 

Drive Level: 1 mw max 


Clock Generator 


A second ready input (SRDY) is provided to interface 
with externally synchronized ready signals. This input is 
sampled at the end of T 2 , T 3 and again at the end of each 
T w until it is sampled HIGH. By using this input rather 
than the asynchronous ready input, the half-clock cycle 
resolution time penalty is eliminated. 

This input must satisfy set-up and hold times to 
guarantee proper operation of the circuit. 

In addition, the iAPX 188, as part of the integrated 
chip-select logic, has the capability to program WAIT 
states for memory and peripheral blocks. This is dis- 
cussed in the Chip Select/Ready Logic description. 

RESET Logic 

The iAPX 188 provides both a RES input pin and a 
synchronized RE SET p in for use with other system 
components. The RES input pin on the iAPX 188 is 
provided with hysteresis in order to facilitate power- 
on Reset generation via an RC network. RESET is 
guaranteed to remain active for at least five clocks 
given a RES input of at least six clocks. RESET may 
be d elayed up to two and one-half clocks behind 
RES. 


The iAPX 188 clock generator provides the 50% duty 
cycle processor clock for the iAPX 188. It does this by 
dividing the oscillator output by 2 forming the sym- 
metrical clock. If an external oscillator is used, the 
state of the clock generator will change on the falling 
edge of the oscillator signal. The CLKOUT pin pro- 
vides the processor clock signal for use outside the 
iAPX 188., This may be used to drive other system 
components. All timings are referenced to the output 
clock. 


Multiple iAPX 188 processors may be synchronized 
through the RES input pin, since this input resets 
both the processor and divide-by-two internal count- 
er in the clock generator. In order to insure that the 
divide-by-two counters all begin coun ting at the 
same time, the active going edge of RES must satisfy 
a 25 ns setup time before the falling edge of the 
80188 clock input. In addition, in order to insure that 
all CPUs begin executing in the same clock cycle, the 
reset must satisfy a 25 ns setup time before the rising 
edge of the CLKOUT signal of all the processors. 
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LOCAL BUS CONTROLLER 

The iAPX 188 provides a local bus controller to 
generate the local bus control signals. In addition, it 
employs a HOLD/HLDA protocol for relinquishing 
the local bus to other bus masters. It also provides 
control lines that can be used to enable external 
buffers and to direct the flow of data on and off the 
local bus. 

Memory/Peripheral Control 

The iAPX 188 provides ALE, TO, and WR bus control 
signals. The RD and WR signals are used to strobe 
data from memory to the iAPX 188 or to strobe data 
from the iAPX 188 to memory. The ALE line provides 
a strobe to address latches for the multiplexed ad- 
dress/data bus. The iAPX 188_ local bus controller 
does not provide a memory/I/O signal. If this is re- 
quired, the user will have to use the S2 signal (which 
will require external latching), make the memory and 
I/O spaces nonoverlapping, or use only the in- 
tegrated chip-select circuitry. 

Transceiver Control 

The iAPX 188 generates two control signals to be 
connected to 8286/8287 transceiver chips. This capa- 
bility allows the addition of transceivers for extra 
buffering without adding external logic. These con- 
trol lines, DT/R and DEN, are generated to control the 
flow of data through the transceivers. The operation 
of these signals is shown in Table 6. 


Table 6. Transceiver Control Signals Description 


Pin Name 

Function * 

DEN (Data, Enable) 

DT/R (Data Transmit/ 
Receive) 

Enables the output drivers of 
the transceivers. It is active 
LOW during memory, I/O, or 
INTA cycles. 

Determines the direction of 
travel through the transceivers. 
A HIGH level directs data away 
from the processor during write 
operations, while a LOW level 
directs data toward the proces- 
sor during a read operation. 


Local Bus Arbitration 


The iAPX 188 uses a HOLD/HLDA system of local bus 
exchange. This provides an asynchronous bus ex- 


change mechanism. This means multiple masters util- 
izing the same bus can operate at separate clock fre- 
quencies. The iAPX 1 88 provides a single HOLD/HLDA 
pair through which all other bus masters may gain 
control of the local bus. This requires external circuitry 
to arbitrate which external device will gain control of 
the bus from the iAPX 1 88 when there is more than one 
alternate local bus master. When the iAPX 188_ relin- 
quishes control of the local bus, it floats DEN, RD, WR, 
S0-S2, LOCK, ADO-AD-15, A16-A19, S7, and DT/R to 
allow another master to drive these lines directly. 

The iAPX 188 HOLD latency time, i.e., the time be- 
tween HOLD request and HOLD acknowledge, is a 
function of the activity occurring in the processor 
when the HOLD request is received. A HOLD request 
is the highest-priority activity request which the pro- 
cessor may receive: higher than instruction fetching 
or internal DMA cycles. However, if a DMA cycle is in 
progress, the iAPX 188 will complete the transfer 
before relinquishing the bus. This implies that if a 
HOLD request is received just as a DMA transfer 
begins, the HOLD latency time can be as great as 4 
bus cycles. This will occur if a DMA word transfer 
operation is taking place from an odd address to cn 
odd address. This is a total of 16 clocks or more, if 
WAIT states are required. In addition, if locked trans- 
fers are performed, the HOLD latency time will be 
increased by the length of the locked transfer. 


Local Bus Controller and Reset 

Upon receipt of a RESET pulse from the RES input, 
the local bus controller will perform the following 
actions: 

• Drive DEN, RD, and WR HIGH for one clock cycle, 
then float. 

NOTE: RD is also provided with an interne: puii-up 
device to prevent the processor from inadvertently 
entering Queue Status mode during resqt. 

• Drive S0-S2 to the passive state (ail HIGH) and 
then float. 

• Drive LOCK HIGH and then float. 

• Tristate ADO-7, A8-19, S7, DT/R. 

• Drive ALE LOW (ALE is never floated). 

• Drive HLDA LOW 
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INTERNAL PERIPHERAL INTERFACE 

Ail the iAPX 188 integrated peripherals are con- 
trolled via 16-bit registers contained within an inter- 
nal 256-byte control block. This control block may be 
mapped into either memory or I/O space. Internal 
logic will recognize the address and respond to the 
bus cycle. During bus cycles to internal registers, the 
bus controller will signal the operation externally 
(i.e., the RD, WR, status, address, data, etc., lines will 
be driven as in abnormal bus cycle), but D 7 _ 0 , SRDY, 
and ARDY will be ignored. The base address of the 
control block must be on an even 256-byte boundary 
(i.e., the lower 8 bits of the base address are all 
zeros). All of the defined registers within this control 
block may be read or written by the 80188 CPU at any 
time. The location of any register contained within 
the 256-byte control block is determined by the cur- 
rent base address of the control block. 

The control block base address is programmed via a 
16-bit relocation register contained within the con- 
trol block at offset FEH from the base address of the 
control block (see Figure 9). It provides the upper 12 
bits of the base address of the control block. Note 
that mapping the control register block into an ad- 
dress range corresponding to a chip-select range is 
not recommended (the chip select circuitry is dis- 
cussed later in this data sheet). In addition, bit 12 of 
this register determines whether the control block 
will be mapped into I/O or memory space. If this bit is 
1, the control block will be located in memory space, 
whereas if the bit is 0, the control block will be lo- 
cated in I/O space. If the control register block is 
mapped into I/O space, the upper 4 bits of the base 
address must be programmed as 0 (since I/O ad- 
dresses are only 16 bits wide). 

Whenever mapping the 188 peripheral control block to 
another location, the programming of the relocation 
register should be done with a byte write (i.e. OUT 
DX,AL). Any access to the control block is done 16 bits 
atatime. Thus, internally, the relocation register will get 
written with 16 bits of the AX register while externally, 
the BIU will run only one 8 bit bus cycle. If a word 
instruction is used (i.e. OUT DX,AX), the relocation 
register will be written on the first bus cycle. The BIU 
will then run a second bus cycle which is unnecessary. 
The address of the second bus cycle will no longer be 
within the control block (i.e. the control block was 
moved on the first cycle), and therefore, will require the 
generation of an external ready signal to complete the 
cycle. For this reason we recommend byte operations 
to the relocation register. Byte instructions may also be 
used for the other registers in the control block and will 
eliminate half of the bus cycles required if a word 
operation had been specified. Byte operations are only 


valid on even addresses though, and are undefined on 
odd addresses. 

In addition to providing relocation information for 
the control block, the relocation register contains 
bits which place the interrupt controller into iRMX 
mode, and cause the CPU to interrupt upon en- 
countering ESC instructions. At RESET, the reloca- 
tion register is set to 20FFH. This causes the control 
block to start at FF00H in I/O space. An offset map 
of the 256-byte control register block is shown in 
Figure 10. 

The integrated iAPX 188 peripherals operate semi- 
autonomously from the CPU. Access to them for the 
most part is via software read/write of the control and 
data locations in the control block. Most of these 
registers can be both read and written. A few dedicated 
lines, such as interrupts and DMA request provide real- 
time communication between the CPU and peripherals 
as in a more conventional system utilizing discrete 
peripheral blocks. The overall interaction and function 
of the peripheral blocks has not substantially changed. 
The data access from/to the 256-byte internal control 
block will always be 16-bit and done in one bus cycle. 
Externally the BIU will still run two bus cycles for each 
16-bit operation. 

CHIP-3ELECT/READY GENERATION 
LOGIC 

The iAPX 188 contains logic which provides pro- 
grammable chip-select generation for both 
memories and peripherals. In addition, it can be pro- 
grammed to provide READY (or WAIT state) genera- 
tion. It can also provide latched address bits A1 and 
A2. The chip-select lines are active for all memory 
and I/O cycles in their programmed areas, whether 
they be generated by the CPU or by the integrated 
DMA unit. 

Memory Chip Selects 

The iAPX 188 provides 6 memory chip select outputs 
for 3 address areas: upper memory, lower memory, 
and midrange memory. One each is provided for up- 
per memory and lower memory, while four are pro- 
vided for midrange memory. 

The range for each chip select is user-programmable 
and can be set to 2K, 4K, 8K, 16K, 32K, 64K, 128K 
(plus IK and 256K for upper and lower chip selects). 
In addition, the beginning or base address of the 
midrange memory chip select may also be selected. 
Only one chip select may be programmed to be ac- 
tive for any memory location at a time. All chip select 
sizes are in bytes. 
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Figure 9. Relocation Register 
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Figure 10. Internal Register Map 


Upper Memory CS 

The iAPX 188 provides a chip select, called UCS, for 
the top of memory. The top of memory is usually used 
as the system memory because after reset the iAPX 
188 begins executing at memory location FFFFOH. 

The upper limit of memory defined by this chip select 
is always FFFFFH, while the lower limit is program- 
mable. By programming the lower limit, the size of 
the select block is also defined. Table 7 shows the 
relationship between the base address selected and 
the size of the memory block obtained. 


Table 7. UMCS Programming Values 


Starting 

Address 

(Base 

Address) 

Memory 

Block 

Size 

UMCS Value 
(Assuming 
R0=R1 =R2=0) 

FFC00 

IK 

FFF8H 

FF800 

2K 

FFB8H 

FF000 

4K 

FF38H 

FE000 

8K 

FE38H 

FC000 

16K 

FC38H 

F8000 

32K 

F838H 

F0000 

64K 

F038H 

E0000 

128K 

E038H 

COOOO 

256K 

C038H 


The lower limit of this memory block is defined in the 
UMCS register (see Figure 11). This register is at 
offset AOH in the internal control block. The legal 
values for bits 6-13 and the resulting starting ad- 
dress and memory block sizes are given in Table 7. 
Any combination of bits 6-13 not shown in Table 7 
will result in undefined operation. After reset, the 
UMCS register is programmed for a IK area. It must 
be reprogrammed if a larger upper memory area is 
desired. 

Any internally generated 20-bit address whose upper 
16 bits are greater than or equal to UMCS (with bits 
0-5 “0”) will cause UCS to be activated. UMCS bits 
R2-R0 are used to specify READY mode for the area 
of memory defined by this chip-select register, as 
explained below. 

Lower Memory CS 

The iAPX 188 provides a chip select for low memory 
called LCS. The bottom of memory contains the inter- 
rupt vector table, starting at location 00000H. 

The lower limit of memory defined by this chip select 
is always OH, while the upper limit is programmable. 
By programming the upper limit, the size of the 
memory block is also defined. Table 8 shows the 
relationship between the upper address selected and 
the size of the memory block obtained. 


3-122 


210706-004 







iAPX 188 



Table 8. LMCS Programming Values 


Upper 

Address 

Memory 

Block 

Size 

LMCS Value 
(Assuming 
R0=R1 =R2=0) 

003FFH 

IK 

0038 H 

007FFH 

2K 

0078H 

00FFFH 

4K 

00F8H 

01FFFH 

8K 

01F8H 

03FFFH 

16K 

03F8H 

07FFFH 

32K 

07F8H 

0FFFFH 

64 K 

0FF8H 

1FFFFH 

128K 

1FF8H 

3FFFFH 

256K 

3FF8H 


The upper limit of this memory block is defined in the 
LMCS register (see Figure 12). This register is at 
offset A2H in the internal control block. The legal 
values for bits 6-15 and the resulting upper address 
and memory block sizes are given in Table 8. Any 
combination of bits 6-15 not shown in Table 8 will 
result in undefined operation. After reset, the LMCS 
register value is undefined. However, the LCS chip- 
select line will not become active until the LMCS 
register is accessed. 

Any internally generated 20-bit address whose upper 
16 bits are less than or equal to LMCS (with bits 0-5 
“1”) will cause LCS to be active. LMCS register bits 
R2-R0 are used to specify the READY mode for the 
area of memory defined by this chip-select register. 

Mid-Range Memory CS 

The iAPX 188 provides four MCS lines which are 
active within a user-locatable memory block. This 
block can be located anywhere within the iAPX 188 
1M byte memory add ress spa ce exclusive of the 
areas defined by UCS and LCS. Both the base ad- 
dress and size of this memory block are 
programmable. 

The size of the memory block defined by the mid- 
range select lines, as shown in Table 9, is determined 


by bits 8-14 of the MPCS register (see Figure 13). 
This register is at location A8H in the internal control 
block. One and only one of bits 8-14 must b e set at a 
time. Unpredictable operation of the MCS lines will 
otherwise occur. Each of the four chip-select lines is 
active for one of the four equal contiguous divisions 
of the mid-range block. Thus, if the total block size is 
32K, each chip select is active for8K of memory with 
MCSO being active for the first range and MCS3 
being active for the last range. 

The EX and MS in MPCS relate to peripheral function- 
ality as described in a later section. 


Table 9. MPCS Programming Values 


— 

Total Block 
Size 

Individual 
Select Size 

MPCS Bits 
14-8 

8K 

2K 

0000001 B 

16K 

4K 

000001 0B 

32K 

8K 

00001 00B 

64K 

16K 

0001 000B 

128K 

32 K 

0010000B 

256K 

64K 

01 00000 B 

512K 

128K 

1 000000B 


The base address of the mid-range memory block is 
defined by bits 15-9 of the MMCS register (see Fig- 
ure 14). This register is at offset A6H in the internal 
control block. These bits correspond to bits A19-A13 
of the 20-bit memory address. Bits A12-A0 of the 
base address are always 0. The base address may be 
set at any integer multiple of the size of the total 
memory block selected. For example, if the mid- 
range bloc k size is 32K (or the size of the block for 
which each MCS line is active is 8K), the block could 
be located at 10000H or 18000H, but not at 14000H, 
since the first few integer multiples of a 32K memory 
block are OH, 8000H, 10000H, 18000H, etc. After 
reset, the contents of both of these registers is un- 
defined. However, none of the MCS lines will be ac- 
tive until both the MMCS and MPCS registers are 
accessed. 


15 14 

13 

12 

ii 

10 

9 

8 

7 

6 

5 

4 

3 2 

1 0 

OFFSET: A0h| 1 | 1 

S 

E 

E 

m 

E 

E 

E 

jl] 

1 

E 

1 I R2 

R1 | R0 | 

A19 







All 







Figure 11. UMCS Register 
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Figure 12. LMCS Register 
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Figure 14. MMCS Register 


MMCS bits R2-R0 specify READY mode of operation 
for all mid-range chip selects. All devices in mid- 
range memory must use the same number of WAIT 
states. 

The 512K block size for the mid-range memory chip 
selects is a special case. When using 512K, the base 
address would have to be at either locations 00000H 
or 80000 H. If it were to be programmed at 00000H 
when the LCS line was program med, there would be 
an internal conflict betwe en the LCS ready genera- 
tion logic and the MCS ready generation logic. 
Likewise, if the base address were prog ramm ed at 
80000H, there would be a c onflic t with the UCS ready 
generation logic. Since the LCS chip-select line does 
not become active until programmed, while the UCS 
line is active at reset, the memory base can be set 
only at 0000 0 H. If this base address is selected, 
however, the LCS range must not be programmed. 

Peripheral Chip Selects 

The iAPX 188 can generate chip selects for up to 
seven peripheral devices. These chip selects are ac- 
tive for seven contiguous blocks of 128 bytes above a 
programmable base address. This base address may 
be located in either memory or I/O space. 

Seven CS lines called PCSO-6 are generated by the 
iAPX 188. The base address is user-programmable; 


however it can only be a multiple of 1 K bytes, i.e., the 
least significant 10 bits of the starting address are 
always 0. 


PCS5 and PCS6 can also be programmed to provide 
latched address bits A1, A2. If so programmed, they 
cannot be used as peripheral selects. These outputs 
can be connected directly to the A0, A1 pins used for 
selecting internal registers of 8-bit peripheral chips: 
This scheme simplifies the hardware interface be- 
cause the 8-bit registers of peripherals are simply 
treated as 16-bit registers located on even bound- 
aries in I/O space or memory space where only the 
lower 8-bits of the register are significant: the upper 
8-bits are “don’t cares.” 


The starting address of the peripheral chip-select 
block is defined by the PACS register (see Figure 15). 
This register is located at offset A4H in the internal 
control block. Bits 1 5-6 of this register correspond to 
bits 19-10 of the 20-bit Programmable Base Address 
(PBA) of the peripheral chip-select block. Bits 9-0 of 
the PBA of the peripheral chip-select block are all 
zeros. If the chip-select block is located in I/O space, 
bits 12-15 must be programmed zero, since the I/O 
address is only 16 bits wide. Table 10 shows the 
address range of each peripheral chip select with 
respect to the PBA contained in PACS register. 
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Figure 15. PACS Register 
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The user should program bits 15-6 to correspond to 
the desired peripheral base location. PACS bits 0-2 
are used to specify READY mode for PCS0-PCS3. 


Table 10. PCS Address Ranges 


PCS Line 

Active between Locations 

peso 

PBA — PBA + 127 

PCS1 

PBA + 128 — PBA+255 

PCS2 

PBA + 256 — PBA+383 

PCS3 

PBA+384 — PBA+511 

PCS4 

PBA +51 2 — PBA+639 

PCS5 

PBA+640 — PBA+767 

PCS6 

PBA + 768 — PBA+895 


The mode of operation of the peripheral chip selects 
is defined by the MPCS register (which is also used to 
set the size of the mid-range memory chip-select 
block, see Figure 16). This register is located at offset 
A8H in the internal control block. Bit 7 is used to 
select the function of PCS5 and PCS6, while bit 6 is 
used to select whether the peripheral chip selects 
are mapped into memory or I/O space. Table 1 1 de- 
scribes the programming of these bits. After reset, 
the contents of both the MPCS and the PACS regis- 
ters are undefined, however none of the PCS lines 
will be active until both of the MPCS and PACS regis- 
ters are accessed. 


Table 11. MS, EX Programming Values 


Bit 

Description 

MS 

1 = Peripherals mapped into memory space. 


0 = Peripherals mapped into I/O space. 

EX 

0=5 PCS lines. A1, A2 provided. 


1 = 7 PCS lines. A1, A2 are not provided. 


MPCS bits 0-2 are used to specify READY mode for 
PCS4-PCS6 as outlined below. 

READY Generation Logic 

The iAPX 188 can generate a “READY” signal inter- 
nally for each of the memory or peripheral CS lines. 
The number of WAIT states to be inserted for each 
peripheral or memory is programmable to provide 
0-3 wait states for all accesses to the area for which 
the chip select is active. In addition, the iAPX 188 may 
be programmed to either ignore external READY for 


each chip-select range individually or to factor exter- 
nal READY with the integrated ready generator. 

READY control consists of 3 bits for each CS line or 
group of lines generated by the iAPX 188. The inter- 
pretation of the ready bits is shown in Table 12. 

Table 12. READY Bits Programming 


R2 

R1 

R0 

Number of WAIT States Generated 

0 

0 

0 

0 wait states, external RDY also used. 

0 

0 

1 

1 wait state inserted, external RDY also 
used. 

0 

1 

0 

2 wait states inserted, external RDYalso 
used. 

0 

1 

1 

3 wait states inserted, external RDYalso 
used. 

1 

0 

0 

0 wait states, external RDY ignored. 

1 

0 

1 

1 wait state inserted, external RDY 
ignored. 

1 

1 

0 

2 wait states inserted, external RDY 
ignored. 

1 

1 

1 

3 wait states inserted, external RDY 
ignored. 


The internal ready generator operates in parallel with 
external READY, not in series if the external READY 
is used (R2 = 0). This means, for example, if the 
internal generator is set to insert two wait states, but 
activity on the external READY lines will insert four 
wait states, the processor will only insert four wait 
states, not six. This is because the two wait states 
generated by the internal generator overlapped the 
first two wait states generated by the external ready 
signal. Note that the external ARDY and SRDY lines 
are always ignored during cycles accessing internal 
peripherals. 

R2-R0 of each control word specifies the READY 
mode for the corresponding block, with the excep- 
tion of the peripheral chip selects: R2-R0 of PACS 
set the PCSO-3 READY mode, R2-R0 of MPCS set 
the PCS4-6 READY mode. 

Chip Select/Ready Logic and Reset 

Upon reset, the Chip-Select/Ready Logic will per- 
form the following actions: 

• All chip-select outputs will be d riven HIGH. 

• Upon leaving RESET, the UCS line will be pro- 
grammed to provide chip selects to a 1 K block with 
the accompanying READY control bits set at 01 1 to 
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Figure 16. MPCS Register 
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allow the maximum number of internal wait states 
in conjunction with external Ready consideration 
(i.e., UMCS resets to FFFBH). 

• No other chip select or READY control registers 
have any predefined values after RESET They will 
not become active until the CPU accesses their 
control registers. Both the PACS and MPCS regis- 
ters must be accessed before the PCS lines will 
become active. 

DMA CHANNELS 

The 80188 DMA controller provides two independent 
high-speed DMA channels. Data transfers can occur 
between memory and I/O spaces (e.g., Memory to I/O) 
or within the same space (e.g., Memory to Memory or 
I/O to I/O). Each DMA channel maintains both a 20-bit 
source and destination pointer which can be optionally 
incremented or decremented after each data transfer 
Each data transfer consumes 2 bus cycles (a minimum 
of 8 clocks), one cycle to fetch data and the other to 
store data. This provides a maximum data transfer rate 
of one MByte/sec. 


DMA Operation 

Each channel has six registers in the control block 
which define each channel’s specific operation. The 
control registers consist of a 20-bit Source pointer (2 
words), a 20-bit Destination pointer (2 words), a 16- 
bit Transfer Counter, and a 16-bit Control Word. The 
format of the DMA Control Blocks is shown in Table 
13. The Transfer Count Register (TC) specifies the 
number of DMA transfers to be performed. Up to 64K 
byte transfers can be performed with automatic termi- 
nation. The Control Word def i nes the channel’s opera- 
tion (see Figure 18). All registers may be modified or 
altered during any DMA activity. Any changes made to 
these registers will be reflected immediately in DMA 
operation. 


Table 13. DMA Control Block Format 


Register Name 

Register Address 

Ch. 0 

Ch. 1 

Control Word 

CAH 

DAH 

Transfer Count 

C8H 

D8H 

Destination Pointer (upper 4 

C6H 

D6H 

bits) 



Destination Pointer 

C4H 

D4H 

Source Pointer (upper 4 bits) 

C2H 

D2H 

Source Pointer 

C0H 

D0H 



Figure 17. DMA Unit Block Diagram 
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Figurp 18. DMA Control Register 


DMA Channel Control Word Register 

Each DMA Channel Control Word determines the 
mode of operation for the particular 80188 DMA 
channel. This register specifies: 

• the mode of synchronization; 

• whether interrupts will be generated after the last 
transfer; 

• whether DMA activity will cease after a pro- 
grammed number of DMA cycles; 

• the relative priority of the DMA channel with 
respect to the other DMA channel; 

• whether the source pointer will be incremented, 
decremented, or maintained constant after each 
transfer; 

• whether the source pointer addresses memory or 
I/O space; 

• whether the destination pointer will be incre- 
mented, decremented, or maintained constant af- 
ter each transfer; and 

• whether the destination pointer will address 
memory or I/O space. 

The DMA channel control registers may be changed 
while the channel is operating. However, any 
changes made during operation will affect the cur- 
rent DMA transfer. 

DMA Control Word Bit Descriptions 

ST/STOP: Start/stop (1/0) Channel. 

CHG/NOCHG: Change/Do not change (1/0) 

ST/STOP bit. If this bit is set when 
writing to the control word, the 
ST/STOP bit will be programmed by 
the write to the control word. If this 
bit is cleared when writing the con- 
trol word, the ST/STOP bit will not 
be altered. This bit is not stored; it 
will always be a 0 on read. 


INT: Enable Interrupts to CPU on byte 

count termination. 

TC: If set, DMA will terminate when the 

contents of the Transfer C ount reg- 
ister reach zero. The ST/STOP bit 
will also be reset at this point if TC is 
set. If this bit is cleared, the DMA 
unit will decrement the transfer 
count register for each DMA cycle, 
but the DMA transfer will not stop 
when the contents of the TC register 
reach zero. 

SYN: 00 No synchronization. 

(2 bits) NOTE: The ST bit will be cleared 

automatically when the contents 
of the TC register reach zero re- 
gardless of the state of the TC bit. 
01 Source synchronization. 

10 Destination synchronization. 

11 Unused. 

SOURCE.INC Increment source pointer by 1 after 
each transfer. 

M/iO Source pointer is in M/IO space 

( 1 / 0 ). 

DEC Decrement source pointer by 1 after 
each transfer. 

DEST: INC Increment destination pointer by 1 

after each transfer. 

M/IO Destination pointer is in M/IO space 

(1/0). i 

DEC Decrement destination pointer by 1 
after each transfer. 

P Channel priority — relative to other 

channel. 

0 low priority. 

1 high priority. 

Channels will alternate cycles if 
both set at same priority level. 
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TDRQ 0: Disable DMA requests from timer 

2 . 

1: Enable DMA requests from timer 
2 . 

Bit 3 Bit 3 is not used. 

If both INC and DEC are specified for the same 
pointer, the pointer will remain constant after each 
cycle. 

DMA Destination and Source Pointer 
Registers 

Each DMA channel maintains a 20-bit source and a 
20-bit destination pointer. Each of these pointers takes 
up two full 16-bit registers in the peripheral control 
block. The lower four bits of the upper register contain 
the upper four bits of the 20-bit physical address (see 
Figure 18a). These pointers may be individually incre- 
mented or decremented after each transfer. Each poin- 
ter may point into either memory or I/O space. Since the 
DMA channels can perform transfers to or from odd 
addresses, there is no restriction on values for the poin- 
ter registers. 


DMA Transfer Count Register 

Each DMA channel maintains a 16-bit transfer count 
register (TC). This register is decremented after every 
DMA cycle, regardless of the state of the TC bit int he 
DMA Control Register. If the TC bit in the DMA control 
word is set or unsynchronized transfers are pro- 
g ram med, DMA activity wi 1 1 termi nate when the transfer 
count register reaches zero. 


DMA Requests 

Data transfers may be either source or destination 
synchronized, that is either the source of the data or 
the destination of the data may request the data 
transfer. In addition, DMA transfers may be un- 
synchronized; that is, the transfer will take place 
continually until the correct number of transfers has 
occurred. When source or unsynchronized transfers 
are performed, the DMA channel may begin another 
transfer immediately after the end of a previous DMA 
transfer. This allows a complete transfer to take place 
every 2 bus cycles or eight clock cycles (assuming no 
wait states). No prefetching occurs when destination 
synchronization is performed, however. Data will not 
be fetched from the source address until the destina- 
tion device signals that it is ready to receive it. When 
destination synchronized transfers are requested, 
the DMA controller will relinquish control of the bus 
after every transfer. If no other bus activity is in- 
itiated, another DMA cycle will begin after two pro- 
cessor clocks. This is done to allow the destination 
device time to remove its request if another transfer 
is not desired. Since the DMA controller will relin- 
quish the bus, the CPU can initiate a bus cycle. As a 
result, a complete bus cycle will often be inserted 
between destination synchronized transfers. These 
lead to the maximum DMA transfer rates shown in 
Table 14. 


Table 14. Maximum DMA Transfer Rates 


Type of 

Synchronization 

Selected 

CPU Running 

CPU Halted 

Unsynchronized 
Source Synch 
Destination Synch 

IMBytes/sec 

IMBytes/sec 

.65MBytes/sec 

IMBytes/sec 

IMBytes/sec 

.75MBytes/sec 


HIGHER 

REGISTER 

ADDRESS 

XXX 



XXX 

XXX 

A19-A16 

LOWER 





REGISTER 

ADDRESS 

A15-A12 

A11-A8 

A7-A4 

A3-A0 


15 0 


XXX = DON’T CARE 


Figure 18a. DMA Memory Pointer Register Format 
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DMA Acknowledge 

No explicit DMA acknowledge pulse is provided. 
Since both source and destination pointers are 
maintained, a read from a requesting source, or a 
write to a requesting destination, should be used as 
the DMA acknowledge signal. Since the chip-select 
lines can be programmed to be active for a given 
block of memory or I/O space, and the DMA pointers 
can be programmed to point to the same given block, 
a chip-select line could be used to indicate a DMA 
acknowledge. 

DMA Priority 

The DMA channels may be programmed such that 
one channel is always given priority over the other, or 
they may be programmed such as to alternate cycles 
when both have DMA requests pending. DMA cycles 
always have priority over internal CPU cycles except 
between locked memory accesses or word accesses 
the odd memory locations; however, an external bus 
hold takes priority over an internal DMA cycle. Be- 
cause an interrupt request cannot suspend a DMA 
operation and the CPU cannot access memory dur- 
ing a DMA cycle, interrupt latency time will suffer 
during sequences of continuous DMA cycles. An 
NMI request, however, will cause all internal DMA 
activity to halt. This allows the CPU to quickly 
respond to the NMI request. 

DMA Programming 

DMA cycles will occur whenever the ST/STOP bit of 
the Control Register is set. If synchronized transfers 


are programmed, a DRQ must also have been 
generated. Therefore, the source and destination 
transfer pointers, and the transfer count register (if 
used) must be programmed before this bit is set. 

Each DMA register may be modified while the chan- 
nel is operating. If the CHG/NOCHG bit is cleared 
when the control register is written, the ST/STOP bit 
of the control register will not be modified by the 
write. If multiple channel registers are modified, it is 
recommended that a LOCKED string transfer be 
used to prevent a DMA transfer from occurring be- 
tween updates to the channel registers. 

DMA Channels and Reset 

Upon RESET, the DMA channels will perform the 
following actions: 

• The Start/Stop bit for each channel will be reset to 
STOP. 

• Any transfer in progress is aborted. 


TIMERS 

The 80188 provides three internal 16-bit programma- 
ble timers (see Figure 19). Two of these are highly 
flexible and are connected to four external pins (2 
per timer). They can be used to count external 
events, time external events, generate nonrepetitive 
waveforms, etc. The third timer is not connected to 
any external pins, and is useful for real-time coding 
and time delay applications. In addition, this third 
timer can be used as a prescaler to the other two, or 
as a DMA request source. 



Figure 19. Timer Block Diagram 
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Timer Operation 

The timers are controlled by 1 1 16-bit registers in the 
internal peripheral control block. The configuration 
of these registers is shown in Table 15. The count 
register contains the current value of the timer. It can 
be read or written at any time independent of 
whether the timer is running or not. The value of this 
register will be incremented for each timer event. 
Each of the timers is equipped with a MAX COUNT 
register, which defines the maximum count the timer 
will reach. After reaching the MAX COUNT register 
value, the timer count value will reset to zero during 
that same clock, i.e., the maximum count value is 
never stored in the count register itself. Timers 0 and 
1 are, in addition, equipped with a second MAX 
COUNT register, which enables the timers to alter- 
nate their count between two different MAX COUNT 
values programmed by the user. If a single MAX 
COUNT register is used, the timer output pin will 
switch LOW for a single clock, 2 clocks after the 
maximum count value has been reached. In the dual 
MAX COUNT register mode, the output pin will indi- 
cate which MAX COUNT register is currently in use, 
thus allowing nearly complete freedom in selecting 
waveform duty cycles. For the timers with two MAX 
COUNT registers, the RIU bit in the control register 
determines which is used for the comparison. 

Each timer gets serviced every fourth CPU-clock 
cycle, and thus can operate at speeds up to one- 
quarter the internal clock frequency (one-eighth the 
crystal rate). External clocking of the timers may be 
done at up to a rate of one-quarter of the internal 
CPU-clock rate (2 MHz for an 8 MHz CPU clock). Due 
to internal synchronization and pipelining of the 
timer circuitry, a timer output may take up to 6 clocks 
to respond to any individual clock or gate input. 


Since the count registers and the maximum count 
registers are all 16 bits wide, 16 bits of resolution are 
provided. Any Read or Write access to the timers will 
add one wait state to the minimum four-clock bus 
cycle, however. This is needed to synchronize and 
coordinate the internal data flows between the inter- 
nal timers and the internal bus. 

The timers have several programmable options. 

• All three timers can be set to halt or continue on a 
terminal count. 

• Timers 0 and 1 can select between internal and 
external clocks, alternate between MAX COUNT 
registers and be set to retrigger on external events. 

• The timers may be programmed to cause an inter- 
rupt on terminal count. 

These options are selectable via the timer mode/ 
control word. 

Timer Mode/Control Register 

The mode/control register (see Figure 20) allows the 
user to program the specific mode of operation or 
check the current programmed status for any of the 
three integrated timers. 


Table 15. Timer Control Block Format 


Register Name 

Register Offset 

Tmr. 0 

Tmr. 1 

Tmr. 2 

Mode/Control Word 

56H 

5EH 

66H 

Max Count B 

54H 

5CH 

not present 

Max Count A 

52H 

5AH 

62H 

Count Register 

50H 

58H 

60H 


15 

14 

13 

12 

11 

5 

4 

3 

2 

1 

0 

1 EN 

INH 

H 

RIU 

° 

R 

MC 

RTG 

P 

EXT 

ALT 

CONT 


Figure 20. Timer Mode/Control Register 
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ALT: 

The ALT bit determines which of two MAX COUNT 
registers is used for count comparison. If ALT = 0, 
register A for that timer is always used, while if ALT = 
1, the comparison will alternate between register A 
and register B when each maximum count is 
reached. This alternation allows the user to change 
one MAX COUNT register while the other is being 
used, and thus provides a method of generating non- 
repetitive waveforms. Square waves and pulse out- 
puts of any duty cycle are a subset of available 
signals obtained by not changing the final count 
registers. The ALT bit also determines the function of 
the timer output pin. If ALT is zero, the output pin will 
go LOW for one clock, the clock after the maximum 
count is reached. If ALT is one, the output pin will 
reflect the current MAX COUNT register being used 
(0/1 for B/A). 

CONT: 

Setting the CONT bit causes the associated timer to 
run continuously, while resetting it causes the timer 
to halt upon maximum count. If CONT = 0 and ALT 
= 1 , the timer will count to the MAX COUNT register A 
value, reset, count to the register B value, reset, and 
halt. 

EXT: 

The external bit selects between internal and exter- 
nal clocking for the timer. The external signal may be 
asynchronous with respect to the 80188 clock. If this 
bit is set, the timer will count LOW-to-HIGH trans- 
itions on the input pin. If cleared, it will count an 
internal clock while using the input pin for control. In 
this mode, the function of the external pin is defined 
by the RTG bit. The maximum input to output transi- 
tion latency time may be as much as 6 clocks. 
However, clock inputs may be pipelined as closely 
together as every 4 clocks without losing clock 
pulses. 

P: 

The prescaler bit is ignored unless internal clocking 
has been selected (EXT = 0). If the P bit is a zero, the 
timer will count at one-fourth the internal CPU clock 
rate. If the P bit is a one, the output of timer 2 will be 
used as a clock for the timer. Note that the user must 
initialize and start timer 2 to obtain the prescaled 
clock. 

RTG: 

Retrigger bit is only active for internal clocking (EXT 
= 0). In this case it determines the control function 
provided by the input pin. 

If RTG = 0, the input level gates the internal clock on 
and off. If the input pin is HIGH, the timer will count, if 


the input pin is LOW, the timer will hold its value. As 
indicated previously, the input signal may be asyn- 
chronous with respect to the 80188 clock. 

When RTG = 1, the input pin detects LOW-to-HIGH 
transitions. The first such transition starts the timer 
running, clearing the timer value to zero on the first 
clock, and then incrementing thereafter. Further 
transitions on the input pin will again reset the timer 
to zero, from which it will start counting up again. If 
CONT = 0, when the timer has reached maximum 
count, the EN bit will be cleared, inhibiting further 
timer activity. 

EN: 

The enable bit provides programmer control over the 
timer’s RUN/HALT status'. When set, the timer is en- 
abled to increment subject to the input pin con- 
straints in the internal .clock mode (discussed 
previously). When cleared, the timer will be inhibited 
from counting. All input pin transitions during the 
time EN is zero will be ignored. If CONT is zero, the 
EN bit is automatically cleared upon maximum 
count. 

INH: 

The inhibit bit allows for selective updating of the 
enable (EN) bit. If INH is a one during the write to the 
mode/control word, then the state of the EN bit will 
be modified by the write. If INH is a zero during the 
write, the EN bit will be unaffected by the operation. 
This bit is not stored; it will always be a 0 on a read. 

INT: 

When set, the INT bit enables interrupts from the 
timer, which will be generated on every terminal 
count. If the timer is configured in dual MAX COUNT 
register mode, an interrupt will be generated each 
time the value in MAX COUNT register A is reached, 
and each time the value in MAX COUNT register B is 
reached. If this enable bit is cleared after the inter- 
rupt request has been generated, but before a pend- 
ing interrupt is serviced, the interrupt request will 
still be in force. (The request is latched in the Inter- 
rupt Controller.) 

MC: 

The Maximum Count bit is set whenever the timer 
reaches its final maximum count value. If the timer is 
configured in dual MAX COUNT register mode, this bit 
will be set each time the value in MAX COUNT register 
A is reached, and each time the value in MAX COUNT 
register B is reached. This bit is set regardless of the 
timer’s interrupt-enable bit. The MC bit gives the user 
the ability to monitor timer status through software 
instead of through interrupts. Programmer interven- 
tion is required to clear this bit. 
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RIU: 3 

The Register In Use bit indicates which MAX COUNT 
register is currently being used for comparison to the 
timer count value. A zero value indicates register A. 
The RIU bit cannot be written, i.e., its value is not 
affected when the control register is written. It is 
always cleared when the ALT bit is zero. 

Not all mode bits are provided for timer 2. Certain bits 
are hardwired as indicated below: 

ALT = 0, EXT = 0, P = 0, RTG = 0, RIU = 0 

Count Registers 

Each of the three timers has a 16-bit count register. 
The current contents of this register may be read or 
written by the processor at any time. If the register is 
written into while the timer is counting, the new value 
will take effect in the current count cycle. 

Max Count Registers 

Timers 0 and 1 have two MAX COUNT registers, while 
timer 2 has a single MAX COUNT register. These con- 
tain the number of events the timer will count. In 
timers 0 and 1, the MAX COUNT register used can 
alternate between the two max count values 
whenever the current maximum count is reached. 
The condition which causes a timer to reset is equiv- 
alent between the current count value and the max 
count being used. This means that if the count is 
changed to be above the max count value, or if the 
max count value is changed to be below the current 
value, the timer will not reset to zero, but rather will 
count to its maximum value, “wrap around” to zero, 
then count until the max count is reached. 

Timers and Reset 

Upon RESET, the Timers will perform the following 
actions: 

• All EN (Enable) bits are reset preventing timer 
counting. 

• Ail SEL (Select) bits are reset to zero. This selects 
MAX COUNT register A, resulting in the Timer Out 
pins going HIGH upon RESET. 

INTERRUPT CONTROLLER 

The 80188 can receive interrupts from a number of 
sources, both internal and external. The internal in- 
terrupt controller serves to merge these requests on 
a priority basis, for individual service by the CPU. 


Internal interrupt sources (Timers and DMA chan- 
nels) can be disabled by their own control registers 
or by mask bits within the interrupt controller. The 
80188 interrupt controller has its own control regis- 
ters that set the mode of operation for the controller. 


The interrupt controller will resolve priority among 
requests that are pending simultaneously. Nesting is 
provided so interrupt service routines for lower 
priority interrupts may themselves be interrupted by 
higher priority interrupts. A block diagram of the 
interrupt controller is shown in Figure 21. 


The interrupt controller has a special iRMX 86 com- 
patibility mode that allows the use of the 80188 
within the iRMX 86 operating system interrupt struc- 
ture. The controller is set in this mode by setting bit 
14 in the peripheral control block relocation register 
(see iRMX 86 Compatibility Mode section). In this 
mode, the internal 80188 interrupt controller func- 
tions as a “slavb” controller to an external “master” 
controller. Special initialization software must be in- 
cluded to properly setup the 80188 interrupt control- 
ler in iRMX 86 mode. 


NON-iRMX MODE OPERATION 

Interrupt Controller External Interface 

For external interrupt sources, five dedicated pins 
are provided. One of these pins is dedicated to NMI, 
non-maskable interrupt. This is typically used for 
power-fail interrupts, etc. The other four pins may 
function either as four interrupt input lines with inter- 
nally generated interrupt vectors, as an interrupt line 
and an interrupt acknowledge line (called the 
“cascade mode”) along with two other input lines 
with internally generated interrupt vectors, or as two 
interrupt input lines and two dedicated interrupt ac- 
knowledge ouput lines. When the interrupt lines are 
configured in cascade mode, the 80188 interrupt 
controller with not generate internal interrupt 
vectors. 

External sources in the cascade mode use externally 
generated interrupt vec tors. When an interrupt is 
acknowledged, two INTA cycles are initiated and the 
vector is read into the 80188 on the second cycle. The 
capability to interface to external 8259A program- 
mable interrupt controllers is thus provided when the 
inputs are configured in cascade mode. 
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Interrupt Controller Modes of Operation 

The basic modes of operation of the interrupt con- 
troller in non-iRMX mode are similar to. the 8259A. 
The interrupt controller responds identically to inter- 
nal interrupts in all three modes: the difference is 
only in the interpretation of function of the four exter- 
nal interrupt pins. The interrupt controller is set into 
one of these three modes by programming the cor- 
rect bits in the INTO and INTI control registers. The 
modes of interrupt controller operation are as 
follows: 

Fully Nested Mode 

When in the fully nested mode four pins are used as 
direct interrupt requests. The vectors for these four 
inputs are generated internally. An in-service bit is 
provided for every interrupt source. If a lower-priority 
device requests an interrupt while the in-service bit 
(IS) is set, no interrupt will be generated by the inter- 
rupt controller. In addition, if another interrupt re- 
quest occurs from the same interrupt source while 
the inservice bit is set, no interrupt will be generated 
by the interrupt controller. This allows interrupt ser- 
vice routines to operate with interrupts enabled with- 
out being themselves interrupted by lower-priority 
interrupts. Since interrupts are enabled, higher- 
priority interrupts will be serviced. 

When a service routine is completed, the proper IS 
bit must be reset by writing the proper pattern to the 
EOI register. This is required to allow subsequent 
interrupts from this interrupt sdurce and to allow 
servicing of lower-priority interrupts. An EOI com- 
mand is issued at the end of the service routine just 


before the issuance of the return from interrupt ir\- 
struction. If the fully nested structure has been 
upheld, the next highest-priority source with its IS bit 
set is then serviced. 


Cascade Mode 

The 80188 has four interrupt pins and two of them 
have dual functions. In the fully nested mode the four 
pins are used as direct interrupt inputs and the cor- 
responding vectors are generated internally. In the 
cascade mode, the four pins are configured into in- 
terrupt input-dedicated acknowledge signal pairs. 
The interconnection is shown in Figure 22. INTO is an 
inter rupt input interfaced to an 8259A, while 
INT2/INTA0 serves as the dedicated interrupt ac- 
knowledge signal to that peripheral. The same is true 
for INTI and INT3/INTA1. Each pair can selectively be 
placed in the cascade or non-cascade mode by pro- 
gramming the proper value into INTO and INTI con- 
trol registers. The use of the dedicated acknowledge 
signals eliminates the need for the use of external 
logic to generate INTA and device select signals. 

The primary cascade mode allows the capability to 
serve up to 128 external interrupt sources through 
the use of external master and slave 8259As. Three 
levels of priority are created, requiring priority 
resolution in the 80188 interrupt controller, the mas- 
ter 8259 As, and the slave 8259As. If an external inter- 
rupt is serviced, one IS bit is set at each of these 
levels. When the interrupt service routine is com- 
pleted, up to three end-of-interrupt commands must 
be issued by the programmer. 


TIMER TIMER TIMER DMA DMA 



Figure 21. Interrupt Controller Block Diagram 
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Special Fully Nested Mode 

This mode is entered by setting the SFNM bit in INTO 
or INTI control register. It enables complete nestabil- 
ity with external 8259A masters. Normally, an inter- 
rupt request from an interrupt source will not be 
recognized unless the in-service bit for that source is 
reset. If more than one interrupt source is connected 
to an external interrupt controller, all of the interrupts 
will be tunneled through the same 80188 interrupt 
request pin. As a result, if the external interrupt con- 
troller receives a higher-priority interrupt, its inter- 
rupt will not be recognized by the 80188 controller 
until the 80188 in-service bit is reset. In special fully 
nested mode, the 80188 interrupt controller will allow 
interrupts from an external pin regardless of the 
state of the in-service bit for an interrupt source in 
order to allow multiple interrupts from a single pin. 
An in-service bit will continue to be set, however, to 
inhibit interrupts from other lower-priority 80188 in- 
terrupt sources. 

Special procedures should be followed when reset- 
ting IS bits at the end of interrupt service routines. 
Software polling of the external master’s IS register 
is required to determine if there is more than one bit 
set. If so, the IS bit in the 80188 remains active and 
the next interrupt service routine is entered. 


Operation in a Polled Environment 

The controller may be used in a polled mode if inter- 
rupts are undesirable. When polling, the processor dis- 
ables interrupts and then polls the interrupt controller 
whenever it is convenient. Polling the interrupt con- 
troller is accomplished by reading the Poll Word (Figure 
31). Bit 15 in the poll word indicates to the processor 
that an interrupt of high enought priority is requesting 
service. Bits 0-4 indicate to the processor the type vec- 
tor of the highest-priority source requesting service. 
Reading the Poll Word causes the In-Service bit of the 
highest-priority source to be set. 


It is desirable to be able to read the Poll Word infor- 
mation without guaranteeing service of any pending 
interrupt, i.e., not set the indicated in-service bit. The 
80188 provides a Poll Status Word in addition to the 
conventional Poll Word to allow this to be done. Poll 
Word information is duplicated in the Poll Status 
Word, but reading the Poll Status Word does not set 
the associated in-service bit. These words are lo- 
cated in two adjacent memory locations in the regis- 
ter file. 


Non-iRMX Mode Features 

Programmable Priority 

The user can program the interrupt sources into any 
of eight different priority levels. The programming is 
done by placing a 3-bit priority level (0-7) in the 
control register of each interrupt source. (A source 
with a priority level of 4 has higher priority over all 
priority levels from 5 to 7. Priority registers contain- 
ing values lower than 4 have greater priority.) All 
interrupt sources have preprogrammed default 
priority levels (see Table 4). 

If two requests with the same programmed priority 
level are pending at once, the priority ordering 
scheme shown in Table 4 is used. If the serviced 
interrupt routine reenables interrupts, it allows other 
requests to be serviced. 


End-of-lnterrupt Command 

The end-of-interrupt (EOI) command is used by the 
programmer to reset the In-Service (IS) bit when an 
interrupt service routine is completed. The EOI com- 
mand is issued by writing the proper pattern to the 
EOI register. There are two types of EOI commands, 
specific and. nonspecific. The nonspecific command 
does not specify which IS bit is reset. When issued, 
the interrupt controller automatically resets the IS bit 
of the highest priority source with an active service 
routine. A specific EOI command requires that the 
programmer send the interrupt vector type to the 

interrupt controller indicating which source’s IS bit is 
to be reset. This command is used when the fully 
nested structure has been disturbed or the highest 
priority IS bit that was set does not belong to the 
service routine in progress. 

Trigger Mode 

The four external interrupt pins can be programmed 
in either edge- or level-trigger mode. The control 
register for each external source has a level-trigger 
mode (LTM) bit. All interrupt inputs are active HIGH. 
In the edge sense mode or the level-trigger mode, the 
interrupt request must remain active (HIGH) until the 
interrupt request is acknowledged by the 80188 CPU. 
In the edge-sense mode, if the level remains high 
after the interrupt is acknowledged, the input is dis- 
abled and no further requests will be generated. The 
input level must go LOW for at least ope clock cycle to 
reenable the input. In the level-trigger mode, no such 
provision is made: holding the interrupt input HIGH 
will cause continuous interrupt requests. 
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Interrupt Vectoring 

The 80188 Interrupt Controller will generate inter- 
rupt vectors for the integrated DMA channels and 
the integrated Timers. In addition, the Interrupt Con- 
troller will generate interrupt vectors for the external 
interrupt lines if they are not configured in Cascade 
or Special Fully Nested Mode. The interrupt vectors 
generated are fixed and cannot be changed (see 
Table 4). 

Interrupt Controller Registers 

The Interrupt Controller register model is shown in 
Figure 23. It contains 15 registers. All registers can 
both be read or written unless specified otherwise. 

In-Service Register 

This register can be read from or written into. The 
format is shown in Figure 24. It contains the In- 
Service bit for each of the interrupt sources. The 
In-Service bit is set to indicate that a source’s service 
routine is in progress. When an In-Service bit is set, 
the interrupt controller will not generate interrupts to 
the CPU when it receives interrupt requests from 
devices with a lower programmed priority level. The 
TMR bit is the In-Service bit for all three timers; the 
DO and D1 bits are the In-Service bits for the two DMA 
channels; the 10-13 are the In-Service bits for the 
external interrupt pins. The IS bit is set when the 
processor acknowledges an interrupt request either 
by an interrupt acknowledge or by reading the poll 
register. The IS bit is reset at the end of the interrupt 
service routine by an end-of-interrupt command is- 
sued by the CPU. 


Interrupt Request Register 

The internal interrupt sources have interrupt request 
bits inside the interrupt controller. The format of this 
register is shown in Figure 24. A read from this regis- 
ter yields the status of these bits. The TMR bit is the 
logical OR of all timer interrupt requests. DO and D1 
are the interrupt request bits for the DMA channels. 

The state of the external interrupt input pins is also 
indicated. The state of the external interrupt pins is 
not a stored condition inside the interrupt controller, 
therefore the external interrupt bits cannot be writ- 
ten. The external interrupt request bits show exactly 
when an interrupt request is given to the interrupt 
controller, so if edge-triggered mode is selected, the 
bit in the register will be HIGH only after an inactive- 
to-active transition. For internal interrupt sources, 
the register bits are set when a request arrives and 
are reset when the processor acknowledges the 
requests. 


Mask Register 

This is a 16-bit register that contains a mask bit for 
each interrupt source. The format for this register is 
shown in Figure 24. A one in a bit position corres- 
ponding to a particular source serves to mask the 
source from generating interrupts. These mask bits 
are the exact same bits which are used in the individ- 
ual control registers; programming a mask bit using 
the mask register will also change this bit in the 
individual control registers, and vice versa. 



Figure 22. Cascade Mode Interrupt Connection 
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OFFSET 


INT3 CONTROL REGISTER 

3EH 


INT2 CONTROL REGISTER 

3CH 


INTI CONTROL REGISTER 

3AH 


INTO CONTROL REGISTER 

38H 


DMA 1 CONTROL REGISTER 

36H 


DMA 0 CONTROL REGISTER 

34H 


TIMER CONTROL REGISTER 

32H 


INTERRUPT STATUS REGISTER 

30H 


INTERRUPT REQUEST REGISTER 

2EH 


IN-SERVICE REGISTER 

2CH 


PRIORITY MASK REGISTER 

2AH 


MASK REGISTER 

28H 


POLL STATUS REGISTER 

26H 


POLL REGISTER 

24H 


EOI REGISTER 

22H 




Figure 23. Interrupt Controller Registers 
(Non-iRMX 86 Mode) 


Priority Mask Register 

This register is used to mask all interrupts below 
particular interrupt priority levels. The format of this 
register is shown in Figure 25. The code in the lower 
three bits of this register inhibits interrupts of 
priority lower (a higher priority number) than the 
code specified. For example, 100 written into this 
register masks interrupts of level five (101), six (110), 
and seven (111). The register is reset to seven (111) 
upon RESET so all interrupts are unmasked. 

Interrupt Status Register 

This register contains general interrupt controller 
status information. The format of this register is 
shown in Figure 26. The bits in the status register 
have the following functions: 

DHLT: DMA Halt Transfer; setting this bit halts all 

DMA transfers. It is automatically set 
whenever a non-maskable interrupt occurs, 
and it is reset when an IRET instruction is 
executed. The purpose of this bit is to allow 
prompt service of all non-maskable inter- 
rupts. This bit may also be set by the CPU. 

IRTx: These three bits represent the individual 

timer interrupt request bits. These bits are 
used to differentiate the timer interrupts, 
since the timer IR bit in the interrupt re- 
quest register is the “OR” function of all 
timer interrupt requests. Note that setting 
any one of these three bits initiates an inter- 
rupt request to the interrupt controller. 
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Figure 24. In-Service, Interrupt Request, and Mask Register Formats 
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Figure 25. Priority Mask Register Format 
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Figure 26. Interrupt Status Register Format 
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Timer, DMA 0, 1 ; Control Registers 

These registers are the control words for all the inter- 
nal interrupt sources. The format for these registers 
is shown in Figure 27. The three bit positions PRO, 
PR1, and PR2 represent the programmable priority 
level of the interrupt source. The MSK bit inhibits 
interrupt requests from the interrupt source. The 
MSK bits in the individual control registers are the 
exact same bits as are in the Mask Register; modify- 
ing them in the individual control registers will also 
modify them in the Mask Register, and vice versa. 

INT0-INT3 Control Registers 

These registers are the control words for the four 
external input pins. Figure 28 shows the format of the 
INTO and INTI Control registers; Figure 29 shows the 
format of the INT2 and INT3 Control registers. In 
cascade mode or special fully nested mode, the con- 
trol words for INT2 and INT3 are not used. 

The bits in the various control registers are encoded 
as follows: 

PRO-2: Priority programming information. Highest 
priority = 000, lowest priority = 111. 

LTM: Level-trigger mode bit. 1 = level-triggered; 

0 = edge-triggered. Interrupt Input levels 
are active high. In level-triggered mode, an 
interrupt is generated whenever the exter- 
nal line is high. In edge-triggered mode, an 
interrupt will be generated only when this 


level is preceded by an inactive-to-active 
transition on the line. In both cases, the 
level must remain active until the interrupt 
is acknowledged. 


MSK: Mask bit, 1 = mask; 0 = nonmask. 

C: Cascade mode bit, 1 = cascade; 0 = direct 


SFNM: Special fully nested mode bit, 1 = SFNM 


EOI Register 

The end of the interrupt register is a command regis- 
ter which can only be written into. The format of this 
register is shown in Figure 30. It initiates an EOI 
command when written to by the 80188 CPU. 

The bits in the EOI register are encoded as follows: 

Sx: Encoded information that specifies an in- 

terrupt source vector type as shown in 
Table 4. For example, to reset the In-Service 
bit for DMA channel 0, these bits should be 
set to 01010, since the vector type for DMA 
channel 0 is 1 0. fslote that to reset the single 
In-Service bit for any of the three timers, the 
vector type for timer 0 (8) should be written 
in this register. 
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Figure 27. Timer/DMA Control Register Formats 
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Figure 28. INT0/INT1 Control Register Formats 
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Figure 29. INT2/INT3 Control Register Formats 
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NSPEC /: A bit that determines the type of EOI com- 
SPEC mand. Nonspecific = 1, Specific = 0. 

Poll and Poll Status Registers 

These registers contain polling information. The for- 
mat of these registers is shown in Figure 31 . They can 
only be read. Reading the Poll register constitutes a 
software poll. This will set the IS bit of the highest 
priority pending interrupt. Reading the poll status 
register will not set the IS bit of the highest priority 
pending interrupt; only the status of pending inter- 
rupts will be provided. 

Encoding of the Poll and Poll Status register bits are 
as follows: 

Sx: Encoded information that indicates the 

vector type of the highest priority interrupt- 
ing source. Valid only when INTREQ = 1. 

INTREQ:This bit determines if an interrupt request is 
present. Interrupt Request = 1 ; no Interrupt 
Request = 0. 

iRMX 86 COMPATIBILITY MODE 

This mode allows iRMX 86-80188 compatibility. The 
interrupt model of iRMX 86 requires one master and 
multiple slave 8259As in cascaded fashion. When 
iRMX mode is used, the internal 80188 interrupt con- 
troller will be used as a slave controller to an external 
master interrupt controller. The internal 80188 re- 
sources will be monitored through the internal inter- 
rupt controller, while the external controller 
functions as the system master interrupt controller. 

Upon reset, the 80188 interrupt controller will be in 
the non-iRMX 86 mode of operation. To set the con- 
troller in the iRMX 86 mode, bit 14 of the Relocation 
Register should be set. 


Because of pin limitations caused by the need to 
interface to an external 8259A master, the internal 
interrupt controller will no longer accept external 
inputs. There are however, enough 80188 interrupt 
controller inputs (internally) to dedicate one to each 
timer. In this mode, each timer interrupt source has 
its own mask bit, IS bit, and control word. 

The iRMX 86 operating system requires peripherals 
to be assigned fixed priority levels. This is incom- 
patible with the normal operation of the 80188 inter- 
rupt controller. Therefore, the initialization software 
must program the proper priority levels for each 
source. The required priority levels for the internal 
interrupt sources in iRMX mode are shown in Table 
16. 


Table 16. Internal Source Priority Level 


Priority Level 

Interrupt Source 

0 

Timer 0 

1 

(reserved) 

2 

DMA 0 

3 

DMA 1 

4 

Timer- 1 

5 

Timer 2 


These level assignments must remain fixed in the 
iRMX 86 mode of operation. 

iRMX 86 Mode External Interface 

The configuration of the 80188 with respect to an 
external 8259A master is shown in Figure 32. The 
INTO input is used as the 80188 CPU interrupt input. 
INT3 functions as an output to send the 80188, slave- 
interrupt-request to one of the 8 master-PIC-inputs. 



15 

14 

13 





5 

4 

3 

2 

1 

0 


INT 

REQ 


□ 

• 

• 

• 

• 


_L 

JL 

_1 

JL 

SO 
















Figure 31. Poll Register Format 
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Figure 32. iRMX 86 Interrupt Controller Interconnection 


Correct master-slave interface requires decoding of 
the slave addresses (CASO-2). Slave 8259As do this 
internally. Because of pin limitations, the 801 88 sla ve 
address will have to be decoded externally. INTI is 
used as a slave-select input. Note that the slave vec- 
tor address is transferred internally, but the READY 
input must be supplied externally. 

INT2 is used as an acknowledge output, suitable to 
drive the INTA input of an 8259A. 

Interrupt Nesting 

iRMX 86 mode operation allows nesting of interrupt 
requests. When an interrupt is acknowledged, the 
priority logic masks off all priority levels except 
those with equal or higher priority. 

Vector Generation in the iRMX 86 Mode 

Vector generation in iRMX mode is exactly like that of 
an 8259A slave. The interrupt controller generates an 
8-bit vector which the CPU multiplies by four and 
uses as an address into a vector table. The significant 
five bits of the vector are user-programmable while 
the lower three bits are generated by the priority 
logic. These bits represent the encoding of the 
priority level requesting service. The significant five 
bits of the vector are programmed by writing to the 
Interrupt Vector register at offset 20H. 


Specific End-of-lnterrupt 

In iRMX mode the specific EOI command operates to 
reset an in-service bit of a specific priority. The user 
supplies a 3-bit priority-level value that points to an 
in-service bit to be reset. The command is executed 
by writing the correct value in the Specific EOI regis- 
ter at offset 22H. 

interrupt Controller Registers 
in the iRMX 86 Mode 

All control and command registers are located inside 
the internal peripheral control block. Figure 33 
shows the offsets of these registers. 

End-of-lnterrupt Register 

The end-of-interrupt register is a command register 
which can only be written. The format of this register 
is shown in Figure 34. It initiates an EOI command 
when written by the 80188 CPU. 

The bits in the EOI register are encoded as follows: 

L x ' Encoded value indicating the priority of the 
IS bit to be reset. 

In-Service Register 

This register can be read from or written into. It 
contains the in-service bit for each of the internal 
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interrupt sources. The format for this register is 
shown in Figure 35. Bit positions 2 and 3 correspond 
to the DMA channels; positions 0, 4, and 5 corre- 
spond to the integral timers. The source’s IS bit is set 
when the processor acknowledges its interrupt re- 
quest. 

Interrupt Request Register 

This register indicates which internal peripherals 
have interrupt requests pending. The format of this 
register is shown in Figure 35. The interrupt request 
bits are set when a request arrives from an internal 
source, and are reset when the processor acknowl- 
edges the request. 

Mask Register 

This register contains a mask bit for each interrupt 
source. The format for this register is shown in Fig- 
ure 35. If the bit in this register corresponding to a 
particular interrupt source is set, any interrupts from 
that source will be masked. These mask bits are 
exactly the same bits which are used in the individual 
control registers, i.e., changing the state of a mask 
bit in this register will also change the state of the 
mask bit in the individual interrupt control register 
corresponding to the bit. 

Control Registers 

These registers are the control words for all the inter- 
nal interrupt sources. The format of these registers is 
shown in Figure 36. Each of the timers and both of 
the DMA channels have their own Control Register. 

The bits of the Control Registers are encoded as 
follows: 


pr x ; 3-bit encoded field indicating a priority level 
for the source; note that each source must 
be programmed at specified levels. 


msk: mask bit for the priority level indicated by pr x 

bits. 



OFFSET 


LEVEL 5 CONTROL REGISTER 
(TIMER 2) 

3AH 


LEVEL 4 CONTROL REGISTER 
(TIMER 1) 

38H 


LEVEL 3 CONTROL REGISTER 
(DMA 1) 

36H 


LEVEL 2 CONTROL REGISTER 
(DMA 0) 

34H 


LEVEL 0 CONTROL REGISTER 
(TIMER 0) 

32H 


INTERRUPT STATUS REGISTER 

30H 


INTERRUPT REQUEST REGISTER 

2EH 


IN-SERVICE REGISTER 

2CH 


PRIORITY-LEVEL MASK REGISTER 

2AH 


MASK REGISTER 

28H 


SPECIFIC EOI REGISTER 

22H 


INTERRUPT VECTOR REGISTER 

20H 




Figure 33. Interrupt Controller Registers 
(iRMX 86 Mode) 
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Figure 34. Specific EOI Register Format 
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Figure 35. In-Service, Interrupt Request, and Mask Register Format 
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Interrupt Vector Register 

This register provides the upper five bits of the inter- 
rupt vector address. The format of this register is 
shown in Figure 37. The interrupt controller itself 
provides the lower three bits of the interrupt vector 
as determined by the priority level of the interrupt 
request. 

The format of the bits in this register is: 

t x : 5-bit field indicating the upper five bits of the 

vector address. 

Priority-Level Mask Register 
This register indicates the lowest priority-level inter- 
rupt which will be serviced. 

The encoding of the bits in this register is: 

m x ; 3-bit encoded field indication priority-level 
value. All levels of lower priority will be 
masked. 


Interrupt Controller and Reset 

Upon RESET, the interrupt controller will perform the 

following actions: 

• All SFNM bits reset to 0, implying Fully Nested 
Mode. 

• All PR bits in the various control registers set to 1 . 
This places all sources at lowest priority (level 
111 ). 

• All LTM bits reset to 0, resulting in edge-sense 
mode. 

• All Interrupt Service bits reset to 0. 

• All Interrupt Request bits reset to 0. 

• All MSK (Interrupt Mask) bits set to 1 (mask). 

• All C (Cascade) bits reset to 0 (non-cascade). 

• All PRM (Priority Mask) bits set to 1, implying no 
levels masked. 


Interrupt Status Register • Initialized to non-iRMX 86 mode. 

This register is defined exactly as in non-iRMX mode 
(see Figure 26). 
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Figure 36. Control Word Format 
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Figure 37. Interrupt Vector Register Format 
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Figure 38. Priority Level Mask Register 
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Figure 40. Typical iAPX 188 Multi-Master Bus Interface 
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PACKAGE NOTE: The IDT 3M Textool 68-pin JEDEC Socket 

The 80188 is housed in a 68-pin, leadless JEDEC type * s required for ICE™ operation. See Figure 42 for 

A hermetic chip carrier. Figure 41 illustrates the details, 

package dimensions. 



Figure 41. 80188 JEDEC Type A Package 
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PC BOARD PATTERN 





GUIDE BOSS 
3 PLCS 



q. 


ALUMINUM LID 

(HEATSINK PROVISIONS OPTIONAL) 



\ 

OPEN 


NOTE: Physical dimensions shown are for reference only. Please consult 3M Textool for complete information on the socket. 


Figure 42. Textool 68 Lead Chip Carrier Socket 
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ABSOLUTE MAXIMUM RATINGS* 


Ambient Temperature under Bias 0°C to 7 0°C 

Storage Temperature -65°C to 4-150°C 

Voltage on Any Pin with 

Respect to Ground -1.0V to +7V 

Power Dissipation 3 Watt 


* NOTICE: Stresses above those listed under 
“Absolute Maximum Ratings" may cause permanent 
damage to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the opera- 
tional sections of this specification is not implied . 
Exposure to absolute maximum rating conditions 
for extended periods may affect device reliability. 


D.C. CHARACTERISTICS (T A = 0°-70°C ( V cc = 5V < 10%) 


Symbol 

Parameter 

Min. 

Max. 

Units 

Test Conditions 

V,L 

Input Low Voltage 

-0.5 

+ 0.8 

Volts 


V,H 

Input High Voltage 
(All except XI and (RES) 

2.0 

V cc + 0.5 

Volts 


V,H1 

Input High Voltage (RES) 

3.0 

V cc + 0.5 

Volts 


VOL 

Output Low Voltage 


0.45 

Volts 

l a = 2.5 mA for SiC5-S2 

l a = 2.0 mA for all other outputs 

VOH 

Output High Voltage 

2.4 


Volts 

l oa = -400 mA 

•cc 

Power Supply Current 


550 

450 

mA 

Max measured at T A = 0°C 
T a .70°C 

Li 

Input Leakage Current 


±10 

' 

3 

A 

< 

z 

A 

< 

o 

o 

Lo 

Output Leakage Current 


±10 

mA 

0.45V <V duT < V cc 

V CLO 

Clock Output Low 


0.6 

Volts 

l a = 4.0 mA 

VcHO ' 

Clock Output High 

4.0 


Volts 

l oa = -200 juA , 

VCLI 

Clock Input Low Voltage 

-0.5 

0.6 

Volts 


V CHI 

Clock Input High Voltage 

3.9 

V GC +1-0 

Volts 


C||S| 

Input Capacitance 


10 

PF 


C|0 

I/O Capacitance 


20 

PF 



PIN TIMINGS 

A.C. CHARACTERISTICS (T A = 0°-70°C, V CC = 5V ± 10%) 

80188 Timing Requirements All Timings Measured At 1 .5 Volts Unless Otherwise Noted. 


Symbol 

Parameter 

Min. 

Max. 

Units 

Test Conditions 

t dvcl 

Data in Setup (A/D) 

20 


ns 


t cldx 

Data in Hold (A/D) 

10 


ns 


Taryhch 

Asynchronous Ready 
(AREADY) active setup 
time* 

20 


ns 


t arylcl 

AREADY inactive setup 
time 

35 


ns 


Tarychl 

Asynchronous Ready 
Inactive hold time 

15 


ns 


Tcharyx 

AREADY hold time 

15 


ns 


t srycl 

Synchronous Ready 
(SREADY) transition setup 
time « 

20 


ns 


t clsry 

SREADY transition hold 
time 

15 


ns 


Thvcl 

HOLD Setup* 

25 


ns 


t invch 

INTR, NMI, TEST, TIMERIN, 
Setup* 

25 


ns 


Tinvcl 

DRQ0, DRQ1, Setup* 

25 


ns 



*To guarantee recognition at next clock. 
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A.C. CHARACTERISTICS (Continued) 

80188 Master Interface Timing Responses 




80188 (8 MHz) ' 

80188-6 (6 MHz) 



Symbol 

Parameters 

Min. 

Max. 

Min. 

Max. 

Units 

Test Conditions 

1"cLAV 

Address Valid Delay 

5 

55 

5 

63 

ns 

C L = 20-200 pF all outputs 

Tclax 

Address Hold 

10 


10 


ns 


t claz 

Address Float Delay 

Tclax 

35 

Tclax 

44 

ns 


T CHC2 

Command Lines Float Delay 


45 


56 

ns 


1*CHCV 

Command Lines Valid Delay 
(after float) 


55 


76 

ns 


Tlhll 

ALE Width 

t clcl' 35 


Tclcl -35 


ns 


Tchlh 

ALE Active Delay 


35 


44 

ns 


Tchll 

ALE Inactive Delay 


35 


44 

ns 


Tllax 

Address Hold to ALE Inactive 

Tchcl'25 


Tchcl -33 


ns 


Tcldv 

Data Valid Delay 

10 

44 

10 

55 

ns 


t cldox 

Data Hold Time 

10 


10 


ns 


Twhdx 

Data Hold after WR 

Tclcl-40 


t clcl' 50 


ns 


Tcvctv 

Control Active Delay 1 

10 

70 

10 

87 

ns . 


Tchctv 

Control Active Delay 2 

10 

55 

10 

76 

ns 


1*CVCTX 

Control Inactive Delay 

5 

55 

5 

76 

ns 


Tcvdex 

DEN Inactive Delay 
(Non-Write Cycle) 

10 

70 

10 

87 

ns 


Tazrl 

i — 

Address Float to RD Active 

0 


0 


ns 


Tclrl 

RD Active Delay 

10 

70 

10 

87 

ns 


t clrh 

RD Inactive Delay 

10 

55 

10 

76 

ns 


Trhav 

RD Inactive to Address Active 

Tclcl-40 


Tclcl' 50 


ns 


Tclhav 

HLDA Valid Delay 

5 

50 

5 

67 

ns 


Trlrh 

RD Width 

2T C lcl-50 


2T clcl" 50 


ns 


Twlwh 

WR Width 

2Tclcl' 40 


2T C lcl' 40 


ns 


Taval 

Address Valid to ALE Low 

Tclch“25 


Tclch" 45 


ns 


Tchsv 

Status Active Delay 

10 

55 

10 

76 

ns 


1*CLSH 

Status Inactive Delay 

10 

65 

10 

76 

ns 


t cltmv 

Timer Output Delay 


60 


75 

ns 

1 00 pF max 

Tclro 

Reset Delay 


60 


75 

v ns 


TcHQSV 

Queue Status Delay 




44 

ns 


t chdx 

Status Hold Time 

10 


10 


, ns 


Tavch 

Address Valid to clock high 

10 


10 


ns 



80188 Chip-Select Timing Responses 


Symbol 

Parameter 

Min. 

Max. 

Min. 

Max. 

Units 

Test Conditions 

Tclcsv 

Chip-Select Active Delay 


66 


80 

ns 


Tcxcsx 

Chip-Selct Hold from 
Command Inactive 

35 


35 


ns 


Tchcsx 

Chip-Select Inactive Delay 

5 

35 

5 

47 

ns 
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A.C. CHARACTERISTICS (Continued) 
80188 CLKIN Requirements 




80188 (8 MHz) 

80188-6 (6 MHz) 



Symbol 

Parameters 

Min. 

Max. 

Min. 

Max. 

Units 

Test Conditions 

t ckin 

CLKIN Period 

62.5 

250 

83 

250 

ns 


Tckhl 

CLKIN Fall Time 


10 


10 

ns 

3.5 to 1 .0 volts 

t cklh 

CLKIN Rise Time 


10 


10 

ns 

1 .0 to 3.5 volts 

t clck 

CLKIN Low Time 

25 




iliil!0l 

1 .5 volts 

t chck 

CLKIN High Time 

25 


33 


HSI 

1 .5 volts 


80188 CLKOUT Timing (200 pF load) 


Symbol 

Parameter 

Min. 

Max. 


Max. 

Units 

Test Conditions 

Tcico 

CLKIN to CLKOUT Skew 


50 


62.5 

ns 


Tclcl 

CLKOUT Period 

125 

500 

167 

500 

ns 


t clch 

CLKOUT Low Time 

1/2 T CLCL-7 5 


KE3II9 


ns 

1 .5 volts 

Tchcl 

CLKOUT High Time 

1/2 TcLCL-7 5 


I9E39R9 


ns 

1 .5 volts 

T CH1CH2 

CLKOUT Rise Time 


15 


15 

ns 

1 .0 to 3.5 volts 

T CL2CL1 

CLKOUT Fall Time 


15 


15 

ns 

3.5 to 1 . volts 
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WAVEFORMS (Continued) 



NOTES: 

1. Following a Write cycle, the Local Bus is floated by the 80188 only when the 
80188 enters a “Hold Acknowledge” state. 

2 INTA occurs one clock later in RMX-mode. 

3 Status inactive just prior to T 4 
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WAVEFORMS (Continued) 

TIMER ON 80188 




80188 INSTRUCTION TIMINGS 

The following instruction timings represent the mini- 
mum execution time in clock cycles for each instruc- 
tion. The timings given are based on the following 
assumptions: 

• The opcode, along with any data or displacement 
required for execution of a particular instruction, 
has been prefetched and resides in the queue at 
the time it is needed. 

• No wait states or bus HOLDS occur. 


• All word-data is located on even-address 
boundaries. 

All jumps and calls include the time required to fetch 
the opcode of the next instruction at the destination 
address. 

All instructions which involve memory reference can 
require one (and in some cases, two) additional 
clocks above the minimum timings shown. This is 
due to the asynchronous nature of the handshake 
between the BIU and the Execution unit. 
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INSTRUCTION SET SUMMARY 


FUNCTION 

FORMAT 


Clock 

Cycles 

Comments 

data Transfer 





MOV = Move: 





Register to Register'Memory 

|1 0.0 0 1 0 0 w 1 

mod reg r/m j 

2/12" 


Register/memory to register 

1 1 0 0 0 1 0 1 w I 

mod reg rm | 

2/9* 


Immediate to register memory 

|1 1 0 0 0 1 1 w 1 

mod 000 r/m j data | data if w - 1 | 

CO 

T 

CM 

8/16-bit 

Immediate to register 

1 1 0 1 1 w reg | 

data | data if w - 1 | 

3-4 

8/16-bit 

Memory to accumulator 

|1 0 1 0 0 0 0 yv 1 

addr-low J addr-high | 

9* 


Accumulator to memory 

1 1 0 1 0 0 0 1 w I 

~ addr-low j addr-high j 

8* 


Register/memory to segment register 

|1 0 0 0 1 1 1 0 1 

mod 0 reg r/m j 

2/13 


Segment register to register/memory 

|1 0 0 0 1 1 0 0 1 

mod 0 reg r/m | 

2/15 


PUSH = Push 





Memory 

h 111111 1 1 

modi 10 r'm | 

20 


Register 

|0 1 0 1 0 reg | 


14 


Segment register 

|0 0 0 reg 1 1 0 | 


13 



wwwwim! 

■■ * 


'' ' '' 


*3. 

: 

s 

1 


r 

■ ■ ■■ * 

POP = Pop 





Memory 

|1 0 0 0 1 1 1 1 1 

modOOO r/m | 

24 


Register 

|0 1 0 1 1 reg 1 


14 


Segment register 

|0 0 0 reg 1 1 1 | 

(reg ^01) 

12 



S2S2SU 

V :;'V : i-'J* ■' 

; 


XCHG = Exchange- 





Register/memory with register 

1 1 0 0 0 0 1 1 w 1 

mod reg r/m | 

4/17* 


Register with accumulator 

|1 0 0 10 reg | 


3 


IN = Input from: 





Fixed port 

1 1 1 1 0 0 1 0 w 1 

port | 

10* 


Variable port 

|1 110 11 Tvi | 


8* 


OUT = Output to 





Fixed port 

|1 1 1 0 0 1 1 w | 

port | 

9* 


Variable port 

|1 1 1 0 1 1 1 w | 


7* 


XLAT - Translate byte to AL 

1 1 10 10 11 1 1 


15 


LEA - Load EA to register 

|1 0 0 0 1 1 0 1 1 

mod reg r/m | 

6 


LOS -Load pointer to DS 

|1 1 0 0 0 1 0 1 | 

mod reg r/m | (moduli) 

26 


LES - Load pointer to ES 

1 1 1 0 0 0 1 0 0 1 

mod reg r/m | (mod.* 11) 

26 


LAHF - Load AH with flags 

|1 0 0 1111 1 1 


2 


SAHF - Store AH into flags 

1 1 0 0 1 1 11 0 1 


3 


PUSHF - Push flags 

1 1 0 0 1 1 1 0 0 1 


13 


POPF Pop flags 

1 1 0 0 1 1 1 0 1 1 


12 


SEGMENT = Segment Override 





CS 

lo 0 1 0 1 1 1 0 I 


2 


SS 

|0 0 1 1 0 1 1 0 1 


2 


DS 

lo 0 1 1 1 1 1 0 1 


2 


ES 

lo O 1 0 0 1 i" o I 


2 



Shaded areas indicate instructions not available in iAPX 86, 88 microsystems. 

*Note: Clock cycles shown for byte transfer. For word operations, add 4 clock cycles for all memory transfers. 
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INSTRUCTION SET SUMMARY (Continued) 








Clock 


FUNCTION 

FORMAT 





Cycles 

Comments 

ARITHMETIC 
ADO = Add 








Reg/memory with register to either 

|o 0 0 0 0 0 d w I 

mod reg 

r m | 



3/10* 


Immediate to registermemory 

|1 0 0 0 0 0 s.w | 

mod 00 0 

r m | 

data 

| data if s w — 01 | 

4/16 w 


Immediate to accumulator 

jo 0 0 0 0 1 0 w I 

data 

1 

data if w - 1 

□ 

3/4 

8/16-bit 

ADC = Add with carry: 








Reg/memory with register to either 

|0 0 0 1 0 0 d w 1 

mod reg 

r m | 



3/10* 


Immediate to register/memory 

|1 0 0 0 0 0 S w | 

mod 0 1 0 

r m | 

data 

1 data if s w - 01 | 

4/16* 


Immediate to accumulator 

|0 0 0 1 0 1 0 w | 

data 

1 

data if w - 1 

□ 

3/4 

8/16-bit 

INC = Increment: 








Register/memory 

|l 1 1 1 1 1 1 w | 

mod 00 0 

r m | 



*3/15* 


Register 

JO 1 0 0 0 reg | 





3 


SUB = Subtract* 








Reg/memory and register to either 

|0 0 1 0 1 0 d w 1 

mod reg 

r m | 



3/10* 


Immediate from register/memory 

1 1 0 0 0 0 0 s w | 

mod 1 0 1 

r m | 

data 

| data if s w - 0 1 | 

4/16* 


Immediate from accumulator 

|0 0 1 0 1 1 0 w | 

data 

1 

data if w - 1 

□ 

3/4 

8/16-bit 

SBB = Subtract with borrow: 








Reg/memory and register to either 

|0 0 0 1 1 0 d w I 

mod reg 

r m | 



3/10* 

/ 

Immediate from register/memory 

|1 0 0 0 0 0 s w 1 

mod 0 1 1 

r m J 

data 

| data if s w ■= 0 1 | 

4/16* 


Immediate from accumulator 

|0 0 0 1 1 1 0 w | 

data 

1 

data if w - 1 

□ 

3/4 

8/16-bit 

DEC = Decrement: 








Register/memory 

|1 1 1 1 1 1 1 w | 

mod 00 1 

r m | 



3/15* 


Register 

1 0 10 0 1 reg | 





3 


CMP = Compare: 








Register/memory with register 

1 0 0 1 1 1 0 1 w | 

mod reg 

r m { 



3/10* 


Register with register/memory 

|0 0 1 1 1 0 0 w 1 

mod reg 

r m 1 



3/10* 


Immediate with register/memory 

|l 0 0 0 0 0 s w 1 

mod 1 1 1 

r/m | 

data 

| data if s w - 0 1 | 

3/10* 


Immediate with accumulator 

| o o n i i o w | 

data 

L 

data if w - 1 

□ 

3/4 

• 8/16-bit 

NEG = Change sign 

|1 1 1 1 0 1 1 w| 

mod 0 1 1 

rm | 



3 


AAA = ASCII adjust for add 

|0 0 1 10 11 1 | 





8 


DAA - Decimal adjust for add 

|0 0 1 0 0 1 1 1 j 





4 


AAS = ASCII adjust for subtract 

|o 0 1 1 1 1 1 1 1 





7 


DAS = Decimal adjust for subtract 

|0 0 1 0 1 1 1 1 1 





4 










MUL = Multiply (unsigned) 

|1 1 1 1 0 1 1 w 1 

mod 1 0 0 

rm | 





Register-Byte 






26-28 


Register- Word 






35-37 


Memory-Byte 






32-34 


Memory-Word 






41-43* 


IMUL = Integer multiply (signed) 

|1 1 1 1 0 1 1 w 1 

mod 1 0 1 

rm | 





Register-Byte 






25-28 


Register-Word 





t 

34-37 


Memory- Byte 






31-34 


Memory-Word 

in f 1 ft 1 ft e 1 1 mnrf 


fiat a 


40-43* 

22-25/29-32* 

. 

1 > u i u s i t moo reg 


V\?< ■' 




DIV = Divide (unsigned) 

|1 1 1 1 0 1 1 w | 

mod 1 1 0 r/m | 





Register-Byte 






29 

' 

Register-Word 





i 

38 


Memory-Byte 






35 


Memory- Word 






44* 



Shaded areas indicate instructions not available in iAPX 86, 88 microsystems. 

*Note: Clock cycles shown for byte transfer. For word operations, add 4 clock cycles for all memory transfers. 
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INSTRUCTION SET SUMMARY (Continued) 


FUNCTION 

FORMAT 




Clock 

Cycles 

Comments 

ARITHMETIC (Continued) 








IDIV = Integer divide (signed) 

eh 

1 0 1 1 w I 

mod 111 r m 1 



44-52 


Register-Byte 

Register-Word 

Memory-Byte 

Memory-Word 






53-61 

50-58 

59-67* 


AAM = ASCII adjust for multiply 

|i To 

1 0 1 0 0 1 

0 0 0 0 1 0 1 0 | 



19 


AAD- ASCII adjust for divide 

|l 1 o 

1010 1 1 0 0 0 0 1 0 1 0 1 



15 


CBW - Convert byte to word 

1 1 0 0 1 1 0 0 0 1 




2 


CWD - Convert word to double word 

1 1 0 0 1 1 0 0 1 1 




4 


LOGIC 

Shift/Rotate Instructions: 








Register/Memory by 1 

1 1 1 0 

1 0 0 0 w I 

mod TTT rm | 



2/15* 


Register/Memory by CL 

|1 1 0 1 0 0 1 w I 

mod TTT r m | 



5 + n/17 + n* 


Rejisttr M»*ory 6* Count 








I T 1 0 0 0 0 0 w mod TTT r m J, count ' 

US 




TTT Instruction 

0 0 0 ROL 

0 0 1 ROR 

010 RCL 

011 RCR 

1 0 0 SHL/SAL- 

101 SHR 

111 SAR 


\ 


AND = And 








Reg/memory and register to either 

|0 0 1 

0 0 0 d w 1 

mod reg r'm | 



3/10* 


Immediate to register/memory 

1 1 0 0 0 0 0 0 w I 

mod 100 rm | 

data 

| data if w - 1 | 

4/16* 


Immediate to accumulator 

FoT 

0 0 1 0 w I 

data | 

data if w - 1 

Z 

3/4 

8/16-bit 

TEST = And function to flags, no result* 








Register/memory and register 

|1 0 0 0 0 1 0 w 1 

mod reg r/m J 



3/10* 


Immediate data and register/memory 

ll 1 1 

10 11 w I 

mod 00 0 r/m j 

data 

| data if w - 1 | 

4/10* 


Immediate data and accumulator 

|l 0 1 

0 1 0 0 w I 

data j 

data if w =■ 1 

Z 

3/4 

8/16-bit 

OR = Or 








Reg/memory and register to either 

1 0 0 0 0 1 0 d w 1 

mod reg r/m | 



3/10* 


Immediate to register/memory 

|1 000000w| 

mod 001 r/m | 

data 

| data if w - 1 | 

4/16* 


Immediate to accumulator 

|0 0 0 0 1 1 0 w 1 

data | 

data if w - 1 

Z 

3/4 

8/16-bit 

XOR = Exclusive or 








Reg/memory and register to either 

|o 0 1 

1 0 0 d w | 

mod reg r/m j 



3/10* 


Immediate to register/memory 

|1 0 0 0 0 0 0 w| 

mod 110 r/m | 

data 

j data if w - 1 | 

4/16* 


Immediate to accumulator 

|0 0 1 

1 0 1 0 w 1 

data | 

data if w ^ 

Z 

3/4 

8/16-bit 

NOT - Invert register/memory 

h 1' 

1 0 1 1 w 1 

mod 0 1 0 r/m | 



3 


STRING MANIPULATION* 








MOVS - Move byte/word 

1 1 0 1 

0 0 1 0 w | 




14* 


CMPS =- Compare byte/word 

|1 0 1 

0 0 1 1 w | 




22* 


SCAS - Scan byte/word 

|l 0 1 

0 1 1 1 w | 




15* 


LODS - Load byte/wd to AL/AX 

|1 0 1 

0 1 1 0 w | 




12* 


STOS = Stor byte/wd from AL/A 

[l 0 1 

0 1 0 1 w | 




10* 



jj 

krM 

Etil 

j §§ 

111 

£ 



Shaded areas indicate instructions not available in iAPX 86, 88 microsystems 

*Note: Clock cycles shown for byte transfer. For word operations, add 4 clock cycles for all memory transfers. 
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INSTRUCTION SET SUMMARY (Continued) 


FUNCTION 

FORMAT 



Clock 

Cycles 

Comments 

STRING MANIPULATION (Continued) 






Repeated by count in CX 






MOVS Move string 

|l 1110 0 1 

n 

1 0 1 0 0 1 0 w | 

8+8n* 


CMPS Compare string 

|1 111001 

n 

1 0 1 0 0 1 1 w ) 

5+22n* 


SCAS Scan string 

1 1 1110 0 1 

13 

1 0 1 0 1 1 1 w| 

5+15n* 


LOOS Load string 

|1 111001 

u 

1 0 1 0 1 1 0 w| 

6+11n* 


STOS Store string 

|l 111001 

n 

1 0 1 0 1 0 1 w| 

6+9n* 



r : " 

(SI 

1 

• v-, I" TV . ' " ■ " 1 ■' - 11 ' ” "" 1 .w S 



CONTROL TRANSFER 






CALL = Call 






Direct within segment 

|1 110 10 0 

33 

disp-low | disp-high | 

19 


Register memory 

ll 111111 

33 

mod 0 1 0 r m | 

17/27 


indirect within segment 






Direct intersegment 

1 1 0 0 1 10 1 

ll 

segment offset | 

31 




[ 

segment selector ' | 



Indirect intersegment 

ll 111111 

33 

mod 0 1 1 r m | (mod = 11) 

54 


JMP = Unconditional jump 






Short long 

|1 110101 

33 

disp-low | 

14 


Direct within segment 

|1 110 10 0 

H 

disp-low | disp-high | 

14 


Register memory indirect within segment 1 1 111111 

H 

mod 1 0 0 r m | 

11/21 


Direct intersegment 

|1 110101 

33 

segment offset | 

14 




[ 

segment selector | 



Indirect intersegment 

ll 111111 

31 

mod 101 r m> J (mod = 11) 

34 


RET = Return from CALL 






Within segment 

|l 100001 

3 


20 


Within seg adding immed to SP 

1 1 1 0 0 0 0 1 

33 

data-low | data-high j 

22 


Intersegment 

|1 10 0 10 1 

3 


30 


Intersegment adding immediate to SP 

1 1 10 0 10 1 

33 

data-low | data-high | 

33 



Shaded areas indicate instructions not available in iAPX 86, 88 microsystems. 

‘Note: Clock cycles shown for byte transfer. For word operations, add 4 clock cycles for all memory transfers. 
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INSTRUCTION SET SUMMARY (Continued) 


FUNCTION 

FORMAT 




Clock 

Cycles 

Comments 

CONTROL TRANSFER (Continued) 







JE/JZ ^ Jump on equal zero 

|0 1 1 1 0 1 0 

0 1 

dtsp 

=□ 

* 4/13 

JMP not 

JL/JNGE = Jump on less not greater or equal 

|0 1 1 1 1 1 0 

0 I 

disp 

ZD 

4/13 

taken/JMP 

JLE/JNG - Jump on less or equal not greater 

|0 1 1 1 1 1 1 

o 1 

disp 

ZD 

4/13 

taken 

JB/JNAE ■= Jump on below not above or equal 

10 1110 0 1 

0 i 

disp 

ZD 

4/13 


JBE/JNA = Jump on below or equal not above 

|0111011 

o 1 

disp 

ID 

4/13 


JP/JPE - Jump on parity parity even 

[0111101 

o 1 

disp 

ID 

4/13 


JO = Jump on overflow 

|0 1110 0 0 

o 1 

disp 

ZD 

4/13 


JS - Jump on sign 

10 11110 0 

o 1 

disp 

ZD 

4/13 


JNE/ JNZ = Jump on not equal not zero 

10 1110 10 

1 1 

disp 

ZD 

4/13 


JNL/JGE - Jump on not less greater or equal' 

|0111110 

1 1 

disp 

ZD 

4/13 


JNLE/JG - Jump on not less or equal greater 

1 0 1 1 1 1 1 1 

1 1 

disp 

ZD 

-4/13 


JNB/JAE =- Jump on not below above or equal 

10-111001 

1 1 

disp 

ZD 

4/13 


JNBE/JA “ Jump on not below or equal above 

[0111011 

1 1 

disp 

ZD 

4/13 


JNP/JPO - Jump on not par par odd 

[0111101 

1 j 

disp 

ZD 

4/13 


JNO - Jump on not overflow 

1 0 11 1 0 0 0 

1 1 

disp 

ZD 

4/13 


JNS- Jump on not sign 

10 11110 0 

1 1 

disp 

ZD 

4/13 


JCXZ-Jumpon CX zero 

|1 110001 

1 1 

disp 

ZD 

5/15 


LOOP- Loop CX times 

|1 110001 

o 1 

disp 

ZD 

6/16 

LOOP npt 
taken/LOOP 

LOOPZ/LOOPE - Loop while zero equal 

|1 1 1 0 0 0 0 

1 1 

disp 

ZD- 

6/16 

LOOPNZ/LOOPNE - Loop while not zero equal |l 1 1 0 0 0 0 

0 1 

disp 

ZD 

6/16 

taken 







1 0 0 1.0 0 

1-0 1 ■ • ■■ l; : 

■ { t' f p.0 i 0 0 

if 

j 


i 

as? • .8 W ' i 

ill 

INT = Interrupt 






Type specified 

|1 10 0 110 

Jj 

type 

ZD 

47 


Type 3 

|l 10 0 1 TO 

u 



45 

if INT. taken/ 

INTO - Interrupt on overflow 

|1 10 0 111 

u 



48/4 

if INT not 






taken 

IRET - Interrupt return 

| 1 10 0 111 

3 



28 












Shaded areas indicate instructions not available in iAPX 86, 88 microsystems. 
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INSTRUCTION SET SUMMARY (Continued) 


FUNCTION 

FORMAT 


Clock 

Cycles 


PROCESSOR CONTROL 

CLC = Clear carry 

|iiii 

1 0 0 0 | 

2 


CMC = Complement carry 

1 1 iii 

0 1 0 1 | 

2 


STC = Set carry 

|iiii 

1 0 0 1 | 

2 


CLO = Clear direction 

|iiii 

1 1 0 0 | 

2 


STD = Set direction 

Miii 

1 1 0 1 | 

2 


CLI = Clear interrupt 

|iiii 

1 0 1 0 | 

2 


STI - Set interrupt 

|iiii 

1 0 1 1 | 

2 


HLT = Halt 

|iiii 

0 1 0 0 | 

2 


WAIT = Wait 

|i o o i 

1 0 1 1 1 

6 


LOCK = Bus lock prefix 

|iiii 

0 0 0 0 1 

2 


ESC = Processor Extension Escape 

|i i o i 

1 T T T | mod LLL r m | 

6 



(TTT LLL are opcode to processor extension) 




Shaded areas indicate instructions not available in iAPX 86, 88 microsystems. 
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FOOTNOTES 


The effective Address (EA) of the memory operand is 
computed according to the mod and r/m fields: 

if mod = 1 1 then r/m is treated as a REG field 
if mod = OOthenDISP = 0*, disp-lowand disp-high 
are absent 

if mod = 01 thenDISP - disp-low sign-extended to 

1 6-bits, disp-high is absent 

if mod = 10 thenDISP - disp-high: disp-low 

if r/m = 000 then EA - (BX) + (SI) + DISP 

if r/m = 001 then EA = (BX) + (Dl) + DISP 

if r/m = 010 then EA = (BP) + (SI) + DISP 

if r/m = Oil then EA = (BP) + (Dl) + DISP 

if r/m = 100 then EA = (SI) + DISP 
if r/m = 101 thenEA = (Dl) + DISP 
if r/m = 110 then EA - (BP) + DISP" 
if r/m = 111 then EA = (BX) + DISP 

DISP follows 2nd byte of instruction (before data if 
required) 

‘except if mod = 00 and r/m = 110 thenEA = disp-high disp-low 

EA calculation time is4 clock cycles for all modes, and 
is included in the execution times given whenever 
appropriate. 


REG is assigned according to the following table: 


16-Bit (w = 1) 

8-Bit (w = 0) 

000 

AX 

000 

AL 

001 

cx 

001 

CL 

010 

DX ' 

010 

DL 

011 

BX 

011 

BL 

100 

SP 

100 

AH 

101 

BP 

101 

CH 

110 

SI 

110 

DH 

111 

Dl . 

111 

BH 


The physical addresses of all operands addressed by 
the BP register are computed using the SS segment 
register. The physical addresses of the destination op- 
erands of the string primitive operations (those ad- 
dressed by the Dl register) are computed using the ES 
segment, which may not be overridden. 


SEGMENT OVERRIDE PREFIX 

- lo o 1 reg 1 1 0| 

reg is assigned according to the following: 

Segment 
reg Register 

00 ES 

01 CS 

10 SS 

11 DS 
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8089 

8 & 16-BIT HMOS I/O PROCESSOR 


■ High Speed DMA Capabilities Including 
I/O to Memory, Memory to I/O, Memory 
to Memory, and I/O to I/O 

■ iAPX 86, 88 Compatible: Removes I/O 
Overhead from CPU in iAPX 86/11 or . 
88/11 Configuration 

■ Allows Mixed Interface of 8- & 16-Bit 
Peripherals, to 8- & 16-Bit Processor 
Busses 

■ 1 Mbyte Addressability 


■ Memory Based Communication with 
CPU 

■ Supports LOCAL or REMOTE I/O 
Processing 

■ Flexible, Intelligent DMA Functions 
Including Translation, Search, Word 
Assembly/Disassembly 

■ MULTIBUS Compatible System 
Interface 

■ Available in EXPRESS 

- Standard Temperature Range 


The Intel® 8089 is a revolutionary concept in microprocessor input/output processing. Packaged in a 40-pm DIP package, 
the 8089 is a high performance processor implemented in N-channel, depletion load silicon gate technology (HMOS). The 
8089’s instruction set and capabilities are optimized for high speed, flexible and efficient I/O handling. It allows easy 
interface of Intel’s 16-bit iAPX 86 and 8-bit iAPX 88 microprocessors with 8- and 16-bit peripherals. In the REMOTE 
configuration, the 8089 bus is user definable allowing it to be compatible with any 8/1 6-bit Intel microprocessor, interfacing 
easily to the Intel multiprocessor system bus standard MULTIBUS . 


The 8089 performs the function of an intelligent DMA controller for the Intel iAPX 86, 88 family and with its processing 
power, can remove I/O overhead from the iAPX 86 or iAPX 88. It may operate completely in parallel with a CPU, giving 
dramatically improved performance in I/O intensive applications. The 8089 provides two I/O channels, each supporting a 
transfer rate up to 1 .25 mbyte/sec at the staridard clock frequency of 5 MHz Memory based communication between the 
lOPand CPU enhances system flexibility and encourages software modularity, yielding more reliable, easier to develop 
systems. 


I/O CHANNEL 1 


DMA REQi - 
DMA - 
TERMINATE) 


CHANNEL 

CONTROL 


DMA REO 2 
DMA 

TERMINATES 


REGISTER 

FILE 


I/O CHANNEL 2 


CHANNEL 

CONTROL 


REGISTER 

FILE 


CPU 


r ~ 1 


MAIN 

CONTROL 


ALU 



T 


ASSEMBLY/ W- 
DISASSEMBLY PV 


INSTRUCTION- 
FETCH UNIT 


BUS 

CONTROL 

AND 

ARBITRATION 


MO BUS 


STATUS 


ADDRESS/ 

DATA 


Figure 1. 8089 I/O Processor Block Diagram 


VssC 

1 

40 

□ Vcc 

A14/D14 C 

2 

39 

I] A15/D15 

A13/D13 q 

3 

38 

□ A16/S3 

A12/D12 C 

4 

37 

□ A17/S4 

A11/D11 C 

5 

36 

□ A18/S5 

A 10/010 C 

6 

35 

□ A19/S6 

A9/D9 C 

7 

34 

□ BHE 

A8/D8 C 

8 

33 

□ EXT 1 

A7/D7 C 

9 

32 

□ EXT 2 

A6/D6 C 

10 

31 

□ DRQ 1 

A 5/05 C 

11 

8089 30 

□ DRQ 2 

A4/D4 □ 

12 

29 

□ LOCK 

A3/D3 [I 

13 

28 

□ S2 

A2/D2 C 

14 

27 

□,Si 

A1/D1 C 

15 

26 

□ SO 

A0/D0 C 

16 

25 

□ RQ/Gf 

SINTR 1 C 

17 

24 

□ SEl 

SINTR 2 C 

18 

23 

□ CA 

CLK C 

19 

22 

□ READY 

VssC 

20 

21 

□ RESET 


Figure 2. 

8089 Pin Configuration 


Intel Corporation Assumes No Responsibilty for the Use of Any Circuitry Other Than Circuitry Embodied in an Intel Product No Other Circuit Patent Licenses are Implied 
0 INTEL CORPORATION, 1980 
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Table 1. Pin Description 


Symbol * 

tvpo 

Name and Function 

V5CK 

0 

Lock: The lock output signal indicates to the 
bus controller that the bus is needed for more 
than one contiguous cycle. It is set via the 
channel control register, and during the TSL 
instruction. The pin floats after reset and 
when the bus is not acquired. This output is 
active low. 

RESET 

1 

Reset: The receipt of a reset signal causes 
the IOP to suspend all its activities and enter 
an idle state until a channel attention is 
received. The signal must be active for at 
least four clock cycles 

CLK 

1 

Clock: Clock provides all timing needed for 
internal IOP operation. 

CA 

1 

Channel Attention: Gets the attention of the 
IOP. Upon the falling edge of this signal, the 
SEL input pin is examined to determine 
Master/Slave or CH1/CH2 information. This 
input is active high. v 

SEL 


Select: The first CA received after system 
reset informs the IOP via the SEL line, whe- 
ther it is a Master or Slave (0/1 for Mas- 
ter/Slave respectively) and starts the in- 
itialization sequence, during any other CA 
the SEL line signifies the selection of 
CH1/CH2. (0/1 respectively.) 

DRQ1-2 

1 

Data Request: DMA request inputs which 
signal the IOP that a peripheral is ready to 
transfer/receive data using channels 1 or 2 
respectively. The signals must be held active 
high until the appropriate fetch/stroke is 
initiated. 

RQ/GT 

I/O 

Request Grant: Request Grant implements 
the communication dialogue required to ar- 
bitrate the use of the system bus (between 
IOP and CPU, LOCAL mode) or I/O bus when 
two lOPs share the same bus (REMOTE 
mode). The RQ/GT signal _is active low. An 
internal pull-up permits RQ/GT to be left 
floating if not used. 

SINTR1-2 

0 

Signal Interrupt: Signal Interrupt outputs 
from channels 1 and 2 respectively. The 
interrupts may be sent directly to the CPU or 
through the 8295A interrupt controller. They 
are used to indicate to the system the 
occurrence of user defined events. 

EXT 1 -2 


External Terminate: External terminate 
inputs for channels 1 and 2 respectively. The 
EXT signals will cause the termination of the 
current DMA transfer operation if the chan- 
nel is so programmed by the channel control 
register. The signal must be held active high 
until termination is complete. 

V CC 


Voltage: +5 volt power input. 

V SS 


Ground. 


Symbol 

Type 

Name and Function 

A0-A1 5/ 
D0-D15 

I/O 

Multiplexed Address and Data Bus: The 

function of these lines are deTined by the 
state of SO, §1 and §5 lines. The pins are 
floated after reset and when the bus is not 
acquired. A8-A15 are stable on transfers to a 
physical 8-bit data bus (same bus as 8088), 
and are multiplexed with data on transfers to 
a 16-bit physical bus. 

A16-A19/ 

S3-S6 

0 

Address and Status: Multiplexed most 
significant address lines and status in- 
formation. The address lines are active only 
when addressing memory. Otherwise, the 
status lines are active and are encoded as 
shown below. The pins are floated after reset 
and when the bus is not acquired. 

S6 S5 S4 S3 

110 0 DMA cycle on CHI 

110 1 DMA cycle on CH2 

1110 Non-DMA cycle on CHI 

1111 Non-DMA cycle on CH2 

BHE 

0 

Bus High Enable: The Bus High Enable is 
used to enable data operations on the most 
significant half of the data bus (D8-D1 5). The 
signal is active low when a byte is to be 
transferred on the upper half of the data bus. 
The pin is floated after reset and when the 
bus is not acquired. BHE does not have to be 
latched. 

SO, SI, S2 

0 

Status: These are the status pins that define 
the IOP activity during any given cycle. They 
are encoded as shown below: 

S2 SI SO ^ 

0 0 0 Instruction fetch; I/O space 
0 0 1 Data fetch; I/O space 
0 1 0 Data store; I/O space 

0 11 Not used 

1 0 0 Instruction fetch; System Memory 

1 0 1 Data fetch; System Memory 

1 1 0 Data store; System Memroy 

1 1 1 Passive 

The status lines are utilized by the bus 
controller and bus arbiter to generate all 
memory and I/O control signals. The signals 
change during T4 if a new cycle is to be 
entered while the return to passive state in T3 
or Tw indicates the end of a cycle. The pins 
are floated after system reset and when the 
bus is not acquired. 

READY 

1 

Ready: The ready signal received from the 
addressed device indicates that the device is 
ready for data transfer. The signal is active 
high and is synchronized by the 8284 clock 
generator. 
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FUNCTIONAL DESCRIPTION 

The 8089 IOP has been designed to remove I/O proces- 
sing, control and high speed transfers from the central 
processing unit. Its major capabilities include that of in- 
itializing and maintaining peripheral components and 
supporting versatile DMA. This DMA function boasts 
flexible termination conditions (such as external termi- 
nate, mask compare, single transfer and byte count ex- 
pired). The DMA function of the 8089 IOP uses a two cy- 
cle approach where the information actually flows 
through the 8089 IOP. This approach to DMA vastly sim- 
plifies the bus timings and enhances compatibility with 
memory and peripherals, in addition to allowing opera- 
tions to be performed on the data as it is transferred. 
Operations can include such constructs as translate, 
Where the 8089 automatically vectors through a lookup 
table and mask compare, both on the “fly”. 

The 8089 is functionally compatible with Intel’s iAPX 86, 88 
family. It supports any combination of 8/16-bit busses. In 
the REMOTE mode it can be used to complement other 
Intel processor families. Hardware and communication 
architecture are designed to provide simple mechanisms 
for system upgrade. 

The only direct communication between the IOP and 
CPU is handled by the Channel Attention and Interrupt 
lines. Status information, parameters and task pro- 
grams are passed via blocks of shared memory, simpli- 
fying hardware interface and encouraging structured 
programming. 

The 8089 can be used in applications such as file and 
buffer management in hard disk or floppy disk control. It 
can also provide for soft error recovery routines and scan 


control. CRT control, such as cursor control and auto 
scrolling, is simplified with the 8089. Keyboard control, 
communication control and general I/O are just a few of 
the typical applications for the 8089. 

Remote and Local Modes 

Shown in Figure 3 is the 8089 in a LOCAL configuration. 
The iAPX 86 (or iAPX 88) is used in its maximum mode. The 
8089 and iAPX 86 reside on the same local bus, sharing the 
same set of system buffers. Peripherals located on the 
system bus can be addressed by either the iAPX 86 or the 
8089. The 8089 requests the use of the LOCAL bus by 
means of the RQ/GT line. This performs a similar function 
to that of HOLD and HLDA on the Intel 8085A, 8080A and 
iAPX 86 minimum mode, but is implemented on one 
physical line. When the iAPX 86 relinquishes the system 
bus, the 8089 uses the same bus control, latches and 
transceiver components to generate the system address, 
control and data lines. This mode allows a more 
economical system configuration at the expense of 
reduced CPU thruput due to IOP bus utilization. 

A typical REMOTE configuration is shown in Figure 4. In 
this mode, the lOP’s bus is physically separated from 
the system bus by means of system buffers/latches. The 
IOP maintains its own local bus and can operate out of 
local or system memory. The system bus interface con- 
tains the following components: 

• Up to three 8282 buffer/latches to latch the address to 
the system bus. 

• Up to two 8286 devices bidirectionally buffer the 
system data bus. 



NOTE ONLY ONE LATCH IS NEEOEO IF CONFIGURED WITH 8088 AND ONLY 64K 
ADDRESSING IS USED ONLY ONE TRANSCEIVER IS NEEDED IF USING A 
PHYSICAL 8-BIT DATA BUS (8088) 


Figure 3. Typical iAPX 86/11, 88/11 Configuration with 8089 in LOCAL Mode, 8088, 8086 in MAX Mode 
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• An 8288 bus controller supplies the control signals 
necessary for buffer operation as well as MRDC 
(Memory Read) and MWTC (Memory Write) signals. 

• An 8289 bus arbiter performs all the functions 
necessary to arbitrate the use of the systeim bus. This 
is used in place of the RQ/GT logic in the LOCAL 
mode. This arbiter decodes type of cycle information 
from the 8089 status lines to determine if the IOP 
desires to perform a transfer over the “common” or 
system bus. 

The peripheral devices PERI and PER2 are supported on 
their own data and address bus. the 8089 communicates 
with the peripherals without affecting system bus opera- 
tion. Optional buffers may be used on the local bus when 
capacitive loading conditions so dictate. I/O programs and 
RAM buffers may also reside on the local bus to further 
* reduce system bus utilization. 

COMMUNICATION MECHANISM 

Fundamentally, communication between the CPU and 
IOP is performed through messages prepared in shared 
memory. The CPU can cause the 8089 to execute a pro- 
gram by placing it in the 8089’s memory space and/or 
directing the 8089’s attention to it by asserting a hard- 
ware Channel Attention (CA) signal to the IOP, ac- 
tivating the proper I/O channel. The SEL Pin indicates to 


the IOP which channel is being addressed. Communica- 
tion from the IOP to the processor can be performed in a 
similar manner via a system interrupt (SINTR 1,2), if the 
CPU has enabled interrupts for this purpose. Addition- 
ally, the 8089 can store messages in memory regarding 
its status and the status of any peripherals. This com- 
munication mechanism is supported by a hierarchial 
data structure to provide a maximum amount of flexi- 
bility of memory use with the added capability of handl- 
ing multiple lOP’s. 

Illustrated in Figure 5 is an overview of the communica- 
tion data structure hierarchy that exists for the 8089 I/O 
processor. Upon the first CA from RESET, if the IOP is 
initialized as the BUS MASTER, 5 bytes of information are 
read into the 8089 starting at location FFFF6 (FFFF6, 
FFFF8-FFFFB) where the type of system bus (16-bit or 8- 
bit) and pointers to the system configuration block are 
obtained. This is the only fixed location the 8089 accesses. 
The remaining addresses are obtained via the data struc- 
ture hierarchy. The 8089 determines addresses in the 
same manner as does the iAPX 86; i.e., a 16-bit relocation 
pointer is offset l|ft 4 bits and added to the 16-bit address 
offset, obtaining a 20-bit address. Once these 20-bit ad- 
dresses are formed, th^y are stored as such, as all the 8089 
address registers are 20 bits long. After the system con- 
figuration pointer address is formed, the 8089 IOP ac- 
cesses the system configuration block. 



Figure 4. Typical REMOTE Configuration 
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Figure 5. Communication Data Structure Hierarchy 


The System Configuration Block (SCB), used only dur- 
ing startup, points to the Control Block (CB) and provides 
IOP system configuration data via the SOC byte. The 
SOC byte initializes IOP I/O bus width to 8/16, and 
defines one of two IOP RQ/GT operating modes. For 
RQ/GT mode 0, the IOP is typically initialized as SLAVE 
and has its RQ/ST line tied to a MASTER CPU (typical 
LOCAL configuration). In this mode, the CPU normally 
has control of the bus, grants control to the IOP as need- 
ed, and has the bus restored to it upon IOP task c omple- 
tion (IOP request— CPU grant— IOP done). For RQ/GT 
mode 1, useful only in remote mode between two lOPs, 
MASTER/SLAVE designation is used only to initialize 
bus control: from then on, each IOP requests and grants 
as the bus is needed (IOP1 request— IOP2 grant— IOP2 
request— IOP1 grant). Thus, each IOP retains bus con- 
trol until the other requests it. The completion of in- 
itialization is signalled by the IOP clearing the BUSY 
flag in the CB. This type of startup allows the user to 
have the startup pointers in ROM with the SCB in RAM. 
Allowing the SCB to be in RAM gives the user the flex- 
ibility of being able to initialize multiple lOPs. 

The Control Block furnishes bus control Initialization for 
the IOP operation (CCW or Channel Control Word) and 
provides pointers to the Parameter Block or “data” 
memory for both channels 1 and 2. The CCW is retrieved 
and analyzed upon all CA’s other than the first after a 
reset. The CCW byte is decoded to determine channel 
operation. 


The Parameter Block contains the address of the Task 
Block and acts as a messge center between the IOP and 
CPU. Parameters or variable information is passed from 
the CPU to its IOP in this block to customize the soft- 
ware interface to the peripheral device. It is also used 
for transferring data and status information between the 
IOP and CPU. 


The Task Block contains the instructions for the respec- 
tive channel. This block can reside on the local bus of 


the IOP, allowing the IOP to operate concurrently with 
the CPU, or reside in system memory. 

The advantage of this type of communication between 
the processor, IOP and peripheral, is that it allows for a 
very clean method for the operating system to handle 
I/O routines. Canned programs or “Task Blocks” allow 
for execution of general purpose I/O routines with the 
status and peripheral command information being 
passed via the Parameter Block (“data” memory). Task 
Blocks (or “program” memory) can be terminated or 
restarted by the CPU, if need be. Clearly, the flexibility 
of this communication lends itself to modularity and ap- 
plicability to a large number of peripheral devices and 
upward compatibility to future end user systems and 
microprocessor families. 

Register Set 

The 8089 maintains separate registers for its two I/O channels 
as well as some common registers (see Figure 6). There are 
sufficient registers for each channel to sustain its own DMA 
transfers, and process its own instruction stream. The basic 
DMA pointer registers (GA, GB-20 bits each), can point to either 
the system bus or local bus, DMA source or destination, and 
can be autoincremented. A third register set (GC) can be used 
to allow translation during the DMA process through a lookup 
table it points to. The channel control register, which may be 
accessed only by a MOV, or MOVI instruction, determines the 
mode of the channel operation. Additionally, registers are pro- 
vided for a masked compare during the data transfer and can 
be set up to act as one of the termination conditions. Other 
registers are also provided. Many of these registers can be used 
as general purpose registers during program execution, when 
the IOP is not performing DMA cycles. 



Figure 6. Register Model 


Bus Operation 

The 8089 utilizes the same bus structure as the 
iAPX 86, 88 in their maximum mode configurations (see 
Figure 7). The address is time multiplexed with the data 
on the first 16/8 lines. A16 through A19 are time multi- 
plexed with four status lines S3-S6. For 8089 cycles, S4 
and S3 determine what type of cycle (DMA versus non- 
DMA) is being performed on channels 1 or 2. S5 and S6 
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are a unique code assigned to the 8089 IOP, enabling 
the user to detect which processor is performing a bus 
cycle in a multiprocessing environment. 

The first three status lines, S0-S2, are used with an 8288 
bus controller to determine if an instruction fetch or 
data transfer is being performed in I/O or system 
memory space. 

DMA transfers require at least two bus cycles with each 
bus cycle requiring a minimum of four clock cycles. Ad- 
ditional clock cycles are added if wait states are re- 
quired. This two cycle approach simplifies considerably 
the bus timings in burst DMA. The 8089 optimizes the 
transfer between two different bus widths by using 
three bus cycles versus four to transfer 1 word. More 
than one read (write) is performed when mapping an 
8-bit bus onto a 16-bit bus (vice versa). For example, a 
data transfer from an 8-bit peripheral to a 16-bit physical 
location in memory is performed by first doing two 
reads, with word assembly within the IOP assembly 
register file and then one write. 

As can be expected, the data bandwidth of the IOP is a 
function of the physical bus width of the system and I/O 
busses. Table 2 gives the bandwidth, latency and bus 
utilization of the 8089. The system bus is assumed to be 


16-bits wide with either an 8-bit peripheral (under byte 
column) or 16-bit peripheral (word column) being shown. 

The latency refers to the worst case response time by 
the IOP to a DMA request, without the bus arbitration 
times. Notice that the word transfer allows 50% more 
bandwidth. This occurs since three bus cycles are re- 
quired to map 8-bit data into a 16-bit location, versus two 
for a 16-bit to 16-bit transfer. Note that it is possible to 
fully saturate the system bus in the LOCAL mode 
whereas in the REMOTE mode this is reduced to a max- 
imum of 50%. 


Table 2. Achievable 5 MHz 8089 Operations with 
a 16-Bit System Bus 



Local 

Remote 

Byte 

Word 

Byte 

Word 

Bandwidth 

830 KB/S 

1250 KB/S 

830 KB/S 

1250 KB/S 

Latency 

1. 0/2.4 Msec* 

1. 0/2.4 Msec* 

1. 0/2.4 Msec* 

1. 0/2.4 Msec* 

System Bus 
Utilization 

2.4 m sec 
PER 

TRANSFER 

1.6 Msec 
PER 

TRANSFER 

0.8 Msec 
PER 

TRANSFER 

0.8 Msec 
PER 

TRANSFER 


*2 4 nsec if interleaving with other channel and no wait states. Vsec if 
channel is waiting for request. 
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ABSOLUTE MAXIMUM RATINGS* * NOTICE : Stresses above those listed under “Absolute 

Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional opera - 

Ambient Temperature Under Bias 0°C to 70 °C tion of the device at these or any other conditions above 

Storage Temperature -65°Cto + 150°C those indicated in the operational sections of this 

Voltage on Any Pin with specification is not implied. Exposure to absolute maxi- 

Respect to Ground - 1.0 to + 7V mum rating conditions for extended periods may affect 

Power Dissipation 2.5 Watt device reliability. 


D.C. CHARACTERISTICS <t a = 0°C to 70°C, V cc = 5V ±10%) 


Symbol 

Parameter 

Min. 

Max. 

Units 

Test Conditions 

V|L 

Input Low Voltage 

-0.5 

+ 0.8 

V 


V, H 

Input High Voltage 

2.0 

Vcc + TO 

V 


V 0 L 

Output Low Voltage 


0.45 


l 0L = 2.0 mA 

V 0 H 

Output High Voltage 

2.4 


V 

l 0H = - 400 fiA 

*cc 

Power Supply Current 


350 

mA 

T A = 25°C 

«LI 

Input Leakage Current (1) 


± 10 

mA 

0V < VIN < V C c 

*LO 

Output Leakage Current 


± 10 

mA 

0.45V -£ V 0UT 5 V CC 

V C L 

Clock Input Low Voltage 

-0.5 

+ 0.6 

V 


V CH 

Clock Input High Voltage 

3.9 

Vcc + TO 

V 


C|N 

Capacitance of Input Buffer 
(All input except 
AD 0 - AD 15 , RQ/GT) 


15 

PF 

fc = 1 MHz 

C,o 

Capacitance of I/O Buffer 
(AD 0 - AD 15 , RQ/GT) 


15 

pF 

fc = 1 MHz 


A.C. CHARACTERISTICS (t a = o°c to 70 °c, v cc = 5V ±10%) 

8089/8086 MAX MODE SYSTEM (USING 8288 BUS CONTROLLER) TIMING REQUIREMENTS 


Symbol. 

Parameter 

Min. 

Max. 

Units 

Test Conditions 

TCLCL 

CLK Cycle Period 

200 

500 

ns 


TCLCH 

CLK Low Time 

( 2 / 3 TCLCL)- 15 


ns 


TCHCL 

CLK High Time 

(V3TCLCL)+ 2 


ns 


TCH1CH2 

CLK Rise Time 


10 

ns 

From 1 0V to 3 5V 

TCL2CL1 

CLK Fall Time 


10 

ns 

From 3 5V to 1 0V 

TDVCL 

. 

Data In Setup Time 

30 


ns 


TCLDX 

Data In Hold Time 

10 


ns 


TR1VCL 

RDY Setup Time into 8284 (See Notes 1, 2) 

35 


ns 


TCLR1X 

RDY Hold Time into 8284 (See Notes 1. 2) 

0 


ns 


TRYHCH 

READY Setup Time into 8089 

( 2/3 TCLCL) - 15 


ns 


TCHRYX 

READY Hold Time into 8089 

30 


ns 


TRYLCL 

READY Inactive to CLK (See Note 4) 

-8 


ns 


TINVCH 

Setup Time Recognition (DRQ 1,2 RESET, Ext 1,2) (See Note 2) 

30 


ns 


TGVCH 

RQ/GT Setup Time 

30 


ns 


TCAHCAL 

CA Width 

95 


ns 


TSLVCAL 

SEL Setup Time 

75 


ns 


TCALSLX 

SEL Hold Time 

0 


ns 


TCHGX 

GT Hold Time into 8089 

40 


ns 


TILIH 

Input Rise Time (Except CLK) 


20 

ns 

From 0 8V to 2.0V 

TIHIL 

Input Fall Time (Except CLK) 


12 

ns 

From 2.0V to 0 8V 
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A.C. CHARACTERISTICS (Continued) 


TIMING RESPONSES 


Symbol 

Parameter 

Min. 

Max. 

Units 

Test Conditions 

TCLML 

Command Active Delay (See Note 1) 

10 

35 

ns 

C L = 80 pF 

TCLMH 

Command Inactive Delay (See Note 1) 

10 

35 

ns 


TRYHSH 

READY Active to Status Passive (See Note 3) 


110 

ns 


TCHSV 

Status Active Delay , 

10 

110 

ns 


TCLSH 

Status Inactive Delay 

10 

130 

ns 


,JCLAV 

Address Valid Delay 

10 

110 

ns 


TCLAX 

Address Hold Time 

10 


ns 


TCLAZ 

Address Float Delay . 

TCLAX 

80 

ns 


TSVLH 

Status Valid to ALE High (See Note 1) 


15 

ns f 


TCLLH 

CLK Low to ALE Valid (See Note 1) 


15 

ns 

Cl = 150 pF 

TCHLL 

ALE Inactive Delay (See Note 1) 


15 

ns 


TCLDV 

Data Valid Delay 

10 

110 

ns 


TCHDX 

Data Hold Time 

10 


ns 


TCVNV 

Control Active Delay (See Note 1) 

5 

45 

ns 


TCVNX 

Control Inactive Delay (See Note 1) 

10 

'45 

ns 


TCHDTL 

Direction Control Active Delay (See Note 1) 


50 

ns 

7 

TCHDTH 

Direction Control Inactive Delay (See Note 1) 


30 

ns 


TCLGL 

RQ Active Delay 

0 

85 

ns 

Cl = 100 pF 

TCLGH 

RQ Inactive Delay 


85 

ns 

Note 5. Cl = 30 pF 

TCLSRV 

SINTR Valid Delay 


150 

ns 

C L = 100 pF 

TOLOH 

[ Output Rise Time 


20 

ns 

From 0.8V to 2.0V 

TOHOL 

1 Output Fall Time 


12 

ns 

From 2.0V to 0.8V 


NOTES. 1 Signal at 8284 or 8288 shown for reference only 4 Applies only to T2 State 

2 Setup requirement for asynchronous signal only to guarantee recognition at next CLK 5 Applies only if RQ/GT Mode 1 CL=30pf, 2 7 Kll pull up to Vcc 

3 Aplies only to T3 and TW states 


A.C. TESTING INPUT, OUTPUT WAVEFORM A.C. TESTING LOAD CIRCUIT 


INPUT/OUTPUT 


TEST POINTS ► 1 


AC TESTING INPUTS ARE DRIVEN AT 2 4V FOR A LOGIC 1 AND 0 45V FOR 
A LOGIC 0 THE CLOCK IS DRIVEN AT 4 3V AND 0 25V TIMING MEASURE- 
MENTS ARE MADE AT 1 5V FOR BOTH A LOGIC 1 AND 0 





100 pF 


C L - 100 pF 

C L INCLUDES JIG CAPACITANCE 
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WAVEFORMS 


8089 BUS TIMING USING 8288 


| a 8 -a 15 ON TRANSFERS 

SEE NOTE 7 TO AN 8- BIT PHYSICAL BUS 
' AND BHE 


§^,S7.S^ (EXCEPT HALT) 


I ALE (8288 OUTPUT) 


TCH1CH2 * - - TCL2CL 


READY (8089 INPUT) 


READ - (MWTC.AMWCJOWC.AIOWC = V 0 n) 


— TDVCL -4-TCLDX 


WRITE - (RD,MRDC,IORC,DT/R = V OM ) TCL 


SEE NOTE 7 , 

AND ABOVE AD 15 AD 0 
(BHE) ' 


8268 OUTPUTS J 

SEE NOTES 4,5 | AMWC OR AIOWC 
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/ 



I REQUEST/GRANT SEQUENCE TIMINGS 1 



‘CPU provides active pull-up. 
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WAVEFORMS (Continued) 




( 
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8089 INSTRUCTION SET SUMMARY 


Data Transfers 


POINTER INSTRUCTIONS 


OPCODE 


LPD P,M Load Pointer PPP from Addressed Location 

LPDI P,I Load Pointer PPP Immediate 4 Bytes 

MOVP M,P Store Contents of Pointer PPP in Addressed Location 

MOVP P,M Restore Pointer 


7 

0 

7 




P P P 0 

0 A A 1 

o 

o 

0 

1 

0 M M 

P P P 1 

0 0 0 1 

0 0 0 

0 

1 

0 0 0 

P P P 0 

0 A A 1 

1 0 0 

1 

_1_ 

0 M M 

P P P 0 

0 A A 1 

o 

o 

0 

1 

1 M M 


MOVE DATA 


OPCODE 


MOV M,M Move from Source to Destination 


MOV 
MOV 
MOVI 
MOVI M 


R,M 

M,R 

R 


Source— 
Destination- 
Load Register RRR from Addressed Location 
Store Contents of Register RRR in Addressed Location 
Load Register RRR Immediate (Byte) Sign Extend 
Move Immediate to Addressed Location 


0 

0 0 

0 

0 A AW 

1 

0 

0 

1 

0 

0 M M 

0 

0 0 

0 

0 A AW 

1 

1 

0 

0 

1 

1 M M 

RRR 

0 

0 A AW 

1 

0 

0 

0 

0 

0 M M 

R 

R R 

0 

0 A AW 

1 

0 

0 

0 

0 

1 M M 

R 

R R 

wb 0 0 W 

0 

0 

1 

1 

0 

0 0 0 

□ 



0 

1 

0 

0 

1 

1 M M 


Control Transfer 


CALLS 

OPCODE 

*CALL Call Unconditional 

7 07 0 

1 1 0 0 dd A A W 1 1 0 0 1 11MM| 


JUMP 

OPCODE 


JMP 

JZ 

M 

Unconditional 
Jump on Zero Memory 

JZ 

R 

Jump on Zero Register 

JNZ 

M 

Jump on Non-Zero Memory 

JNZ ‘ 

R 

Jump on Non-Zero Register 

JBT 

JNBT 

JMCE 

JMCNE 

Test Bit and Jump if True 
Test Bit and Jump if Not True 
Mask/Compare and Jump on Equal 
Mask/Compare and Jump on Non-Equal 


1 

0 

0 

dd 

0 

0 W 

0 

0 

1 

0 

0 

0 0 0 

0 

0 

0 

dd 

A 

AW 

1 

1 

1 

0 

0 

1 M M 

R 

R 

R 

dd 

0 

0 0 

0 

1 

0 

0 

0 

1 0 0 

0 

0 

0 

dd 

A 

AW 

1 

1 

1 

0 

0 

0 M M 

_R_ 

_R_ 

_R_ 

dd 

0 

0 0 

0_ 


0 _ 

0 

_0_ 

0 0 0 

_B_ 

_B_ 

B 

dd 

A 

A 0 

J_ 

_0_ 

_L 

i 


1 M M 

B 

B 

B 

dd 

A 

A 0 

J_ 

0 


i 

1 

0 M M 

0 

0 

0 

dd 

A 

A 0 

J_ 

0 

_L 

i 

0 

0 MM 

0 

0 

0 

dd 

A 

A 0 


0 


i 

_ 0 _ 

1 M M 


Arithmetic and Logic Instructions 


INCREMENT, DECREMENT 

INC 

M 

Increment Addressed Location 

INC 

R 

Increment Register 

DEC 

M 

Decrement Addressed Location 

DEC 

R 

Decrement Register 


OPCODE 


7 07 0 


0000 0 A A W 

1110 1 0 M M 

RRR0 0000 

0 0 1 1 1 0 0 0 

0 0 0 0 0 A AW 

1110 1 1 M M 

RRR0 0000 
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Arithmetic and Logic Instructions 


ADD 

OPCODE ] 

ADDI M,I ADD Immediate to Memory 
ADDI R,I ADD Immediate to Register 
ADD M,R ADD Register to Memory 
ADD R,M ADD Memory to Register 


7 0 7 0 1 


0 0 0 wb A A W 

1 1 0 0 0 0 M M 

R R R wb 0 0 W 

0 0 1 0 0 0 0 0 

RRR0 0 A A W 

110 1 0 0 M M 

R R R 0 0 A AW 

1 0 1 0 0 0 M M 

■ 


AND 

OPCODE j 

ANDI M,I AND Memory with Immediate 
ANDI R,I AND Register with Immediate 
AND M,R AND Memory with Register 
AND R,M AND Register with Memory 




0 0 0 wb A A W 

110 0 1 0 M M | | 

R R R wb 0 0 W 

^f^DISDQQQII 

RRR0 0 A A W 

110 1 1 0 M M 

R R R 0 0 A AW 

10 10 1 0 M M 

■ 


OR 

OPCODE | 

ORI M,I OR Memory with Immediate 

ORI R,I OR Register with Immediate 

OR M,R OR Memory with Register 

OR R,M OR Register with Memory * 

■ 



0 0 0 wb A AW 

1 1 0 0 0 1 M M 

R R R wb A AW 

0 0 1 0 0 1 0 0 

R R R 0 0 A AW 

110 1 0 1 M M 

RRR0 0 A A W 

10 10 0 1 M M 




NOT 

OPCODE | 

NOT R Complement Register 

NOT M Complement Memory 

NOT R,M Complement Memory, Place in Register 




RRR0 0000 

0 0 10 110 0 

0000 0 A A W 

110 1 1 1 M M 

RRR0 0 A A W 

10 10 1 1 M M 


1 



Control 


Control 

HLT Halt Channel Execution 

SINTR Set Interrupt Service Flip Flop 

NOP No Operation 

XFER Enter DMA Transfer 

WID Set Source, Destination Bus Width; S,D 0 = 8, 1 = 


16 


OPCODE 

07 


0 

0 1 0 

0 

0 

0 

0 

0 

1 

0 

0 

1 

0 

0 

0 

0 

1 0 0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 0 0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0_ 

1 1 0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

S D 0 

0 

~0 

0 

0 

0 

0 

0 

0 

o" 

0 

0 

T\ 
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*AAField in call instruction can be 00, 01, 10 only. 
"OPCODE is second byte fetched. 

All instructions consist of at least 2 bytes, while some 
instructions may use up to 3 additional bytes to specify 
literals and displacement data. The definition of the 
various fields within each instruction is given below: 


7 



0 

7 

0 


EB 

QQ 

D 

OPCODE 

| M M j 


P P P BBB 


MM 

Base Pointer Select 

00 

GA 

01 

GB 

10 

GC 

11 

PP 


RRR Register Field 

The RRR field specifies a 16-bit register to be used in 
the instruction. If GA, GB, GC or TP, are referenced by 
the RRR field, the upper 4 bits of the registers are load- 
ed with the sign bit (Bit 15). PPP registers are used as 
20-bit address pointers. 


| RRR | 

000 

rO 

GA 

> 

001 

rl 

GB 


010 

r2 

GC 


011 

r3 

BC 

; byte count 

100 

r4 

TP 

; task block 

101 

r5 

IX 

; index register 

110 

r6 

CC 

; channel control (mode) 

111 

r7 

MC 

; mask/compare 


See Notes 1,2 


NOTES: 

BBB Bit Select Field 

The bit select field replaces the RRR field in bit manipu- 
lation instructions and is used to select a bit to be oper- 
ated on by those instructions. Bit 0 is the least Signifi- 
cant bit. 

wb 

01 1 byte literal 
10 2 byte (word) literal 

dd 

01 1 byte displacement 

10 2 byte (word) displacement. 

AA Field 

00 The selected pointer contains the operand address. 

01 The operand address is formed by adding an 8-bit, 
unsigned, offset contained in the instruction to the 
selected pointer. The contents of the pointer are un- 
changed. 

10 The operand address is formed by adding the con- 
tents of the Index register to the selected pointer. 
Both registers remain unchanged. 

11 Same as 10 except the Index register is post auto- 
incremented (by 1 for 8-bit transfer, by 2 for 16-bit 
transfer). 


W Width Field 

0 The selected operand is 1 byte long, 

1 The selected operand is 2 bytes long. 


Additional Bytes 

OFFSET : 8-bit unsigned offset. 

SDISP : 8/16-bit signed displacement. 

LITERAL : 8/16-bit literal. (32 bits for LDPI). 

The order in which the above optional bytes appear in IOP 
instructions is given below: 


| PPP 1 

000 

po 

GA ; 

001 

pi 

GB ; 

010 

P2 

GC : 

100 

P4 

TP ; task block pointer 


OFFSET 


LITERAL 


SDISP 


Offsets are treated as unsigned numbers. Literals and 
displacements are sign extended (2’s complement). 


Note 1 Logical and arithmetic instructions should not be used to update the 
CC register (i e -only MOV and MOVI instructions should be used ) 

2. A 20-bit register (GA, GB, GC or TP) that is initialized as a 1 6-bit I/O 
space pointer must be saved at even addresses when using MOVP or 
CALL instructions 
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■ CPU/8087 System Supports 8 Data Types: 

16-, 32-, 64-Bit Integers, 32-, 64-, 80-Bit 
Floating Point, and 18-Digit BCD Operands 

■ Adds 8 x 80-Bit Individually Addressable 

Register Stack , 

■ All 24 Addressing Modes Available with ■ 7 Built-in Exception Handling Functions 

8086, 8088, 80186, 80188 CPUs. . MULTIBUS System Compatible Interface 

■ Compatible with Proposed IEEE Floating 
Point Standard 

The 8087 Numeric Data Coprocessor provides the instructions and data types needed for high performance 
numeric applications, providing up to 100 times the performance of a CPU alone. The 8087 is implemented in 
N-channel, depletion load, silicon gate technology (HMOS), housed in a 40-pin package. Sixty-eight 
numeric processing instructions are added to the iAPX 86, 1 86 instruction sets, and eight 80-bit registers are 
added to the register set. The 8087 is compatible with the proposed IEEE Floating Point Standard. 

The two-chip numeric data processing systems are referred to as follows; 
iAPX 86/20— 16-bit 8086 CPU with 8087 
iAPX 88/20— 8-bit 8088 CPU with 8087 
iAPX 186/20— 16-bit 80186 CPU with 8087 
iAPX 188/20— 8-bit 80188 CPU with 8087 


■ High Performance Numeric Data Coprocessor 

■ Adds Arithmetic, Trigonometric, Exponential, 
and Logarithmic Instructions to the Standard 
iAPX 86 and iAPX 186 Instruction Set For All 
Data Types 




Figure 1. 8087 Block Diagram 


Figure 2. 8087 Pin Configuration 
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Table 1. 8087 Pin Description 


Symbol 

Type 

Name and Function 

ADI 5-ADO 

I/O 

Address Data: These lines constitute the time multiplexed memory address (T-|) and data (T 2 , T 3 , T^, T 4 ) bus. 
A0 is analogous to BHE for the lower byte of the data bus, pins D7-D0. It is LOW during T -| when a byte is 
to be transferred on the lower portion of the bus in memory operations. Eight-bit oriented devices tied 
to the lower half of the bus would normally use A0 to condition chip select functions. These lines are 
active HIGH. They are input/output lines for 8087-driven bus cycles and are inputs which the 8087 
monitors when the CPU is in control of the bus. A15-A8 do not require an address latch in an iAPX 88/20 
or iAPX 188/20. The 8087 will supply an address for the T-|-T 4 period. 

A19/S6, 

A18/S5, 

A17/S4, 

A16/S3 

I/O 

Address Memory: During T-, these are the four most significant address lines for memory operations. 
During memory operations, status information is available on these lines during T 2 , T 3 , T w , and T 4 . For 
8087-controlled bus cycles, S6, S4, and S3 are reserved and currently one (HIGH), while S5 is always 
LOW.These lines are inputs which the 8087 monitors when the CPU is in control of the bus. 

BHE/S7 

I/O 

Bus High Enable: During T 1 the bus high enable signal (BHE) should be used to enable data onto the most 
significant half of the data bus, pins D15-D8. Eight-bit-oriented devices tied to the upper half of the bus 
would normally use BHE to condition chip select functions. BHE is LOW during T 1 for read and write cycles 
when a byte is to be transferred on the high portion of the bus. The S 7 status information is available during 
T 2 , T 3 , T w , and T 4 . The signal is active LOW. S 7 is an input which the 8087 monitors during the CPU-controlled 
bus cycles. 

S2, ST.SO 

I/O 

Status: For 8087-driven bus cycles, these status lines are encoded as follows: 

S2 SI SO 

0 (LOW) X X Unused 

1 (HIGH) 0 0 Unused 

1 0 1 Read Memory 

1 1 0 Write Memory 

1 1 1 , Passive 

Status is driven active during T 4 , remains valid during T| and T 2 , and is returned to/the passive state 
(1,1,1) during T 3 or during T w when READY is HIGH. This status is used by the 8288 Bus Controller 
(or the 82188 Integrated Bus Controller with an 80186/80188 CPU) to generate all memory access 
control signals. Any change in S2, SI , or SO during T 4 is used to indicate the beginning of a bus cycle, 
and the return to the passive state in T 3 or T w is used to indicate the end of a bus cycle. These signals 
are monitored by the 8087 when the CPU is in control of the bus. 

RQ/GTO 

I/O 

Request/Grant: This request/grant pin is used by the 8087 to gain control of the local bus from the CPU for 
operand transfers or on behalf of another bus master. It must be connected to one of the two processor request/ 
grant pins. The request grant sequence on this pin is as follows: 

1 . A pulse one clock wide is passed to the CPU to indicate a local bus request by either the 8087 or the master 
connected to the 8087 RQ/GT1 pin. 

2. The 8087 waits for the grant pulse and when it is received will either initiate bus transfer activity in the clock 
cycle following the grant or pass the grant out on the RQ/GT1 pin in this clock if the initial request was for 
another bus master. 

3. ' The 8087 will generate a release pulse to the CPU one clock cycle after the completion of the last 8087 bus cycle 

or on receipt of the release pulse from the bus master on RQ/GT1 . 

For iAPX 186/188 systems, the same sequence applies except RQ/GT signals are converted to 
appropriate HOLD, HLDA signals by the 82188 Integrated Bus Controller. This is to conform with iAPX 
186/1 88’s HOLD, HLDA bus exchange protocol. Refer to the 82188 data sheet for further information. 
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Table 1. 8087 Pin Description (Continued) 


Symbol 

TYpe 

Name and Function 

RQ/GT1 

I/O 

Request/Grant: This request/grant pin is used by another local bus master to force the 8087 to request 
the local bus. If the 8087 is not in control of the bus when the request is made the request/grant sequence 
is passed through the 8087 on the RQ/GT0 pin one cycle later. Subsequent grant and release pulses are 
also passed through the 8087 with a two and one clock delay, respectively, for resynchronization. RQ/GT1 
has an internal pullup resistor, and so may be left unconnected. If the 8087 has control of the bus the request/ 
grant sequence is as follows: 

1 . A pulse 1 CLK wide from another local bus master indicates a local bus request to the 8087 (pulse 1). 

2 During the 8087’s next T 4 or T 1 a pulse 1 CLK wide from the 8087 to the requesting master (pulse 2) 
indicates that the 8087 has allowed the local bus to float and that it will enter the “RQ/GT acknowledge” 
state at the next CLK. The 8087’s control unit is disconnected logically from the local bus during “RQ/GT 
acknowledge.” 

3. A pulse 1 CLK wide from the requesting master indicates to the 8087 (pulse 3) that the “RQ/GT” request 
is about to end and that the 8087 can reclaim the local bus at the next CLK. 

Each master-master exchange of the local bus is a sequence of 3 pulses. There must be one dead CLK 
cycle after each bus exchange. Pulses are active LOW. 

For iAPX 186/188 systems, the RQ/GT1 line may be connected to the 82188 Integrated Bus Controller In this case, a 
third processor with a HOLD, HLDA bus exchange system may acquire the bus from the 8087. For this configuration, 
RQ/GT1 will only be used if the 8087 is the bus master Refer to 82188 data sheet for further information. 

QS1.QS0 

1 

QS1, QS0: QS1 and QS0 provide the 8087 with status to allow tracking of the CPU instruction queue. 

QS1 QS0 

0 (LOW) 0 No Operation 

0 1 First Byte of Op Code from Queue 

1 (HIGH) 0 Empty the Queue 

1 1 Subsequent Byte from Queue 

INT 

0 

Interrupt: This line is used to indicate that an unmasked exception has occurred during numeric instruction 
execution when 8087 interrupts are enabled This signal is typically routed to an 8259A for 8086 systems and to INTO 
for iAPX 186/188 systems INT is active HIGH 

BUSY 

0 

Busy: This signal indicates that the 8087 NEU is executing a numeric instruction. It is connected to the CPU’s 
TEST pin to provide synchronization. In the case of an unmasked exception BUSY remains active until the 
exception is cleared. BUSY is active HIGH. 

READY 

1 

Ready: READY is the acknowledgement from the addressed memory device that it will complete the data transfer. 
The RDY signal from memory is synchronized by the 8284A Clock Generator to form READY for 8086 systems. For 
iAPX 186/188 systems, RDY is synchronized by the 82188 Integrated Bus Controller to form READY This signal is 
active HIGH. 

RESET 

1 

Reset: RESET causes the processor to immediately terminate its present activity. The signal must be active 
HIGH for at least four clock cycles. RESET is internally synchronized. 

CLK 

1 

Clock: The clock provides the basic timing for the processor and bus controller. It is asymmetric with a 
33% duty cycle to provide optimized internal timing. 

v cc 


Power: V cc is the +5V power supply pin. 

GND 


Ground: GND are the ground pins. 


NOTE: 

For the pin descriptions of the 8086, 8088, 80186 and 80188 CPU’s, reference the respective data sheets (iAPX 86/10, iAPX 88/10, 
iAPX 1 86, iAPX 188). 
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APPLICATION AREAS 

The 8087 provides functions meant specifically for high 
performance numeric processing requirements. Trigo- 
nometric, logarithmic, and exponential functions are 
built into the coprocessor hardware. These functions 
are essential in scientific, engineering, navigational, 
or military applications. 

The 8087 also has capabilities meant for business or 
commercial computing. An 8087 can process Binary 
Coded Decimal (BCD) numbers up to 18 digits without 
roundoff errors. It can also perform arithmetic on inte- 
gers as large as 64 bits ± 10 18 ). 

PROGRAMMING LANGUAGE SUPPORT 

Programs for the 8087 can be written in Intel’s high-level 
languages for iAPX 86/88 and iAPX 186/188 Systems; 
ASM-86 (the iAPX 86,88 assembly language), PL/M-86, 
FORTRAN-86, and PASCAL-86. 

RELATED INFORMATION 

For iAPX 86/10, iAPX 88/10, iAPX 186 or iAPX 188 
details, refer to the respective data sheets. For iAPX 186 
or iAPX 188 systems, also refer to the 82188 Integrated 
Bus Controller data sheet. 

FUNCTIONAL DESCRIPTION 

The 8087 Numeric Data Propessor’s architecture is 
designed for high performance numeric computing in 
conjunction with general purpose processing. 


The 8087 is a numeric processor extension that provides 
arithmetic and logical instruction support for a variety of 
numeric data types. It also executes numerous built-in 
transcendental functions (e.g., tangent and log func- 
tions). The 8087 executes instructions as a coprocessor 
to a maximum mode CPU. It effectively extends the 
register and instruction set of the system and adds 
several new data types as well. Figure 3 presents the 
registers of the CPU+8087. Table 2 shows the range of 
data types supported by the 8087. The 8087 is treated as 
an extension to the CPU, providing register, data types, 
control, and instruction capabilities at the hardware 
level. At the programmers level the CPU and the 8087 
are viewed as a single unified processor. 


System Configuration 

As a coprocessor to an 8086 or 8088, the 8087 is wired in 
parallel with the CPU as shown in Figure 4. Figure 5 
shows the iAPX 186/188 system configuration. The 
CPU’s status (S0-S2) and queue status lines (QS0-QS1 ) 
enable the 8087 to monitor and decode instructions in 
synchronization with the CPU and without any CPU 
overhead. For iAPX 186/188 systems, the queue status 
signals of the iAPX 186/188 are synchronized to 8087 
requirements by the 82188 Integrated Bus Controller. 
Once started, the 8087 can process in parallel with, and 
independent of, the host CPU. For resynchronization, 
the 8087’s BUSY signal informs the CPU that the 8087 is 
executing an instruction and the CPU WAIT instruction 
tests this signal to insure that the 8087 is ready to 
execute subsequent instructions. The 8087 can interrupt 
the CPU when it detects an error or exception. The 


CPU 

FILE 


TAG FIELD 
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R2 
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Figure 3. CPU+8087 Architecture 
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8087’s interrupt request line is typically routed to the 
CPU through an 8259A Programmable Interrupt Con- 
troller for 8086, 8088 systems and INTO for iAPX 
186/188. 


The 8087 uses one of the request/grant lines of the iAPX 
86/88 architecture (typically RQ/GT0)to obtain control 
of the local bus for data transfers. The other request/ 
grant line is available for general system use (for 
instance by an I/O processor in LOCAL mod e). A bu s 
master can also be connected to the 8087’s RQ/GT1 
line. In this configuration the 8087 will pass the request/ 
grant handshake signals between the CPU and the 
attached master when the 8087 is not in control of the 
bus and will relinquish the bus to the master directly 
when the 8087 is in control. In this way two additional 
masters can be configured in an iAPX 86/88 system; one 
will share the 8086 bus with the 8087 on a first come first 
served basis, and the second will be guaranteed to be 
higher in priority than the 8087. 


For iAPX 186/188 systems, RQ/GT0 and RQ/GT1 are 
connected to the corresponding inputs of the 82188 


Integrated Bus Controller. Because the iAPX 186/188 
has a HOLD, HLDA bus exchan ge proto col, an interface 
is needed which will translate RQ/GT signals to cor- 
responding HOLD, HDLA signals and visa versa. One of 
the functio ns of th e 82188 IBC is to provide this 
translation. RQ/GT0 is translated to HOLD, HLDA 
signals whic h are th en directly connected to the iAPX 
186/188. The RQ/GT1 line is also translated into HOLD, 
HLDA signals (referred to as SYSHOLD, SYS HLDA 
signals) by the 82188 IBC. This allows a third processor 
(using a HOLD, HLDA bus exchange protocol) to gain 
control of the bus. 

Unlike an iAPX 86/20 system, RQ/GT1 is only used 
when the 8087 has bus control. If the third processor 
requests the bus when the current bus master is the 
iAPX 186/188, the 82188 IBC will directly pass the 
request onto the iAPX 186/188 without going through 
the 8087. The third processor has the highest bus 
priority in the system. If the 8087 requests the bus while 
the third processor has bus control, the grant pulse will 
not be issued until the third processor releases the bus 
(using SYSHOLD). In this configuration, the third proces- 
sor has the highest priority, the 8087 has the next 
highest, and the iAPX 186/188 has the lowest bus 
priority. 


Table 2. 8087 Data Types 


Data 

Formats 

Range 

Precision 

Most Significant Byte 

7 0 

l 0 

7 07 0 

7 07 07 07 0 

7 0 

7 0 







Word Integer 

10 4 

16 Bits 

1 1 5 Iq Two’s Complement 

Short Integer 

10 9 

32 Bits 

>3i lo 

Two’s Complement 


Long Integer 

10 18 

64 Bits 

*63 >0 

Two’s 

Complement 


Packed BCD 

10 18 

18 Digits 

S 

— d 17 d 16 


Di D 0 

Short Real 

10 ±38 

24 Bits 

S 

F 7 E 0 F 1 F 23 

Fq Implicit 


Long Real 

10 ±3 ° 8 

53 Bits 

S 

m 

0 

m 

0 

F 1 F 52 

Fq Implicit 



Temporary Real 

10 ±4932 

64 Bits 

S 

f 14 E 0 F 0 f 63 



Integer: I Real. (-1 ) S (2 E BIAS )(F 0 -F 1 . .) 

Packed BCD- (-1 ) s (D 17 D 0 ) Bias=127 for Short Real 

1023 for Long Real 
16383 for Temp Real 
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Bus Operation 


The 8087 bus structure, operation and timing are 
identical to all other processors in the iAPX 86/88 series 
(maximum mode configuration). The address is time 
multiplexed with, the data on the first 16/8 lines of the 
address/data bus. A16through A19 are time multiplexed 
with four status lines S3-S6. S3, S4 and S6 are always 
one (HIGH) for 8087-driven bus cycles while S5 is 
always zero (LOW). When the 8087 is monitoring CPU 
bus cycles (passive mode) S6 is also monitored by the 
8087 to differentiate 8086/8088 activity from that of a 
local I/O processor or any other local bus master. (The 
8086/8088 must be the only processor on the local bus 
to drive S6 L OW). S7 is multiplexed with and has the 
same value as BHE for all 8087 bus cycles. 

The first three status lines, S0-S2, are used with an 8288 
bus controller or 82188 Integrated Bus Controller to 
determine the type of bus cycle being run: 


55 5T 

0 X 

1 0 

1 0 

1 1 

1 1 


5U 

X Unused 

0 Unused 

1 Memory Data Read 

0 Memory Data Write 

1 Passive (no bus 

cycle) 


Programming Interface 

The 8087 includes the standard iAPX 86/10, 88/10 
instruction set for general data manipulation and pro- 
gram control. It also includes 68 numeric instructions 
for extended precision integer, floating point, trigono- 
metric, logarithmic, and exponential functions. Sample 
execution times for several 8087 functions are shown in 
Table 3. Overall performance is up to 100 times that of an 
iAPX 86/10 processor for numeric instructions. 

Any instruction executed by the 8087 is the combined 
result of the CPU and 8087 activity. The CPU and the 
8087 have specialized functions and registers providing 
fast concurrent operation. The CPU controls overall 
program execution while the 8087 uses the coprocessor 
interface to recognize and perform numeric operations. 


Table 2 lists the eight data types the 8087 supports 
and presents the format for each type. Internally, the 
8087 holds all numbers in the temporary real format 
Load and store instructions automatically convert 
operands represented in memory as 1 6-, 32-, or 64-bit 
integers, 32- or 64-bit floating point numbers or 1 8- 
digit packed BCD numbers into temporary real format 
and vice versa. The 8087 also provides the capability 
to control round off, underflow, and overflow errors 
in each calculation. 

Computations in the 8087 use the processor’s register 
stack. These eight 80-bit registers provide the equivalent 
capacity of 20 32-bit registers. The 8087 register set 
can be accessed as a stack, with instructions operating 
on the top one or two stack elements, or as a fixed 
register set, with instructions operating on explicitly 
designated registers. 

Table 5 lists the 8087’s instructions by class. All appear 
as ESCAPE instructions to the host. Assembly language 
programs are written in ASM-86, the iAPX 86, 88 as- 
sembly language. 


Table 3. Execution Times for Selected iAPX 86/20 
Numeric Instructions and Corresponding 
iAPX 86/10 Emulation 


Floating Point 
Instruction 

Approximate Execution 
Time fas) 

iAPX 86/20 
(5 MHz 
Clock) 

iAPX 86/10 
Emulation 

Add/Subtract 

17 

1,600 

Multiply (single 



precision) 

19 

1,600 

Multiply (extended 



precision) 

27 

2,100 

Divide 

39 

3,200 

Compare 

9 

1,300 

Load (double precision) 

10 

1,700 

Store (double precision) 

21 

1,200 

Square Root 

36 

19,600 

Tangent 

90 

13,000 

Exponentiation 

100 

17,100 
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NUMERIC PROCESSOR 
EXTENSION ARCHITECTURE 

As Shown in Figure 1, the 8087 is internally divided 
into two processing elements, the control unit (CU) 
and the numeric execution unit (NEU). The NEU exe- 
cutes all numeric instructions, while the CU receives 
and decodes instructions, reads and writes memory 
operands and executes 8087 control instructions. The 
two elements are able to operate independently of one 
another, allowing the CU to maintain synchronization 


with the CPU while the NEU is busy processing a 
numeric instruction. 

Control Unit 

The CU keeps the 8087 operating in synchronization 
with its host CPU. 8087 instructions are intermixed with 
CPU instructions in a single instruction stream. The CPU 
fetches all instructions from memory; by monitoring the 
status (SO-S2, S6) emitted by the CPU, the control unit 
determines when an instruction is being fetched. The 


Figure 4. iAPX 86/20, 88/20 ^ystem Configuration 
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CU monitors the data bus in parallel with the CPU to 
obtain instructions that pertain to the 8087. 

The CU maintains an instruction queue that is identical 
to the queue in the host CPU. The CU automatically 
determines if the CPU is an 8086/1 86 or an 80 88/1 88 
immediately after reset (by monitoring the BHE/S7 line) 
and matches its queue length accordingly. By monitor- 
ing the CPU’s queue status lines (QS0, QS1), the CU 
obtains and decodes instructions from the queue in 
synchronization with the CPU. 

A numeric instruction appears as an ESCAPE instruction 
to the CPU. Both the CPU and 8087 decode and execute 
the ESCAPE instruction together. The 8087 only 
recognizes the numeric instructions shown in Table 5. 
The start of a numeric operation is acomplished when 
the CPU executes the ESCAPE instruction. The instruc- 
tion may or may not identify a memory operand. 

The CPU does, however, distinguish between ESC 
instructions that reference memory and those that 
do not. If the instruction refers to a memory operand, 
the CPU calculates the operand’s address using any 
one of its available addressing modes, and then per- 
forms a “dummy read” of the word at that location. 
(Any location within the 1M byte address space is 
allowed.) This is a normal read cycle except that the 
CPU ignores the data it receives. If the ESC instruc- 
tion does n^t contain a memory reference (e.g. an 
8087 stack operation), the CPU simply proceeds to 
the next instruction. 

An 8087 instruction can have one of three memory 
reference options; (1) not reference memory; (2) 
load an operand word from memory into the 8087 ; or 
(3) store an operand word from the 8087 into 
memory. If no memory reference is required, the 
8087 simply executes its instruction. If a memory 
reference is required, the CU uses a “dummy read” 
cycle initiated by the CPU to capture and save the 
address that the CPU places on the bus. If the in- 
struction is a load, the CU additionally captures the 
data word when it becomes available on the local 
data bus. If data required is longer than one word, 
the CU immediately obtains the bus from the CPU 
using the request/grant protocol and reads the rest 
of the information in consecutive bus cycles. In a 
store operation, the CU captures and saves the store 
address as in a load, and ignores the data word that 
follows in the “dummy read” cycle. When the 8087 is 
ready to perform the store, the CU obtains the bus 
from the CPU and writes the operand starting at the 
specified address. 


Numeric Execution Unit 

The NEU executes all instructions that involve the 
register stack; these include arithmetic, logical, 
transcendental, constant and data transfer instruc- 
tions. The data path in the NEU is 84 bits wide (68 
fraction bits, 15 exponent bits and a sign bit) which 
allows internal operand transfers to be performed at 
very high speeds. 

When the NEU begins executing an instruction, it 
activates the 8087 BUSY signal. This signal can be 
used in conjunction with the CPU WAIT instruction 
to resynchronize both processors when the NEU has 
completed its current instruction. 


Register Set 

TheCPU+8087 register set is shown in Figure 3. Each of 
the eight data registers in the 8087’s register stack is 80 
bits and is divided into “fields” corresponding to the 
8087’s temporary real data type. 

At a given point in time the TOP field in the control word 
identifies the current top-of-stack register. A “push” 
operation decrements TOP by 1 and loads a value into 
the new top register. A “pop” operation stores the value 
from the current top register and then increments TOP 
by 1. Like CPU stacks in memory, the 8087 register 
stack grows “down” toward lower-addressed registers. 

Instructions may address the data registers either 
implicitly or explicitly. Many instructions operate on 
the register at the top of the stack. These instruc- 
tions implicitly address the register pointed to by the 
TOP. Other instructions allow the programmer to 
explicitly specify the register which is to be used. 
Explicit register addressing is “top-relative.” 


Status Word 

The status word shown in Figure 6 reflects the over- 
all state of the 8087; it may be stored in memory and 
then inspected by CPU code. The status word is a 
1 6-bit register divided into fields as shown in Figure 
6. The busy bit (bit 15) indicates whether the NEU is 
either executing an instruction or has an interrupt 
request pending (B = 1), or is idle (B = 0). Several 
instructions which store and manipulate the status 
word are executed exclusively by the CU, and these 
do not set the busy bit themselves. 
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EXCEPTION FLAGS (1 = EXCEPTION HAS OCCURRED) 

INVALID OPERATION 
DENORMALIZED OPERAND 
ZERO DIVIDE 
OVERFLOW 
UNDERFLOW 
PRECISION 
(RESERVED) 

INTERRUPT REQUEST* 1 ’ 

CONDITION CODE* 2 ’ 

TOP OF STACK POINTER* 3 ’ 

NEU BUSY 

< n > IR is set if any unmasked exception bit is set, cleared otherwise 
< 2 >See Table 3 for condition code interpretation 
(3 >Top Values 

000 = Register 0 is Top of Stack 

001 = Register 1 is Top of Stack 

111 = Register 7 is Top of Stack 


□ 

□ 

TOP 

0 

0 

0 

" 

□ 

" 


OE 

H 


0 


Figure 6. 8087 Status Word 


The four numeric condition code bits (C0-C3) are similar 
to flags in a CPU: various instructions update these bits 
to reflect the outcome of 8087 operations. The effect of 
these instructions on the condition code bits is sum- 
marized in Table 4. 

Bits 14-12 of the status word point to the 8087 regis- 
ter that is the current top-of-stack (TOP) as 
described above. 

Bit 7 is the interrupt request bit. This bit is set if any 
unmasked exception bit is set and cleared other- 
wise. 

Bits 5-0 are set to indicate that the NEU has 
detected an exception while executing an instruc- 
tion. 


Tag Word 

The tag word marks the content of each register as 
shown in Figure 7. The principal function of the tag 
word is to optimize the 8087’s performance. The tag 


word can be used, however, to interpret the contents 
of 8087 registers. 


Instruction and Data Pointers 

The instruction and data pointers (see Figure 8) are 
provided for user-written error handlers. Whenever 
the 8087 executes an NEU instruction, the CU saves 
the instruction address, the operand address (if 
present) and the instruction opcode. 8087 instruc- 
tions can store this data into memory. 


15 0 


HQ 





QQ 




TAG VALUES 

00 = VALID 

01 = ZERO 

10 = SPECIAL 

11 = EMPTY 


Figure 7. 8087 Tag Word 
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Table 4a. Condition Code interpretation 


Instruction 

Type 

C 3 

c 2 

Cl 

Co 

Interpretation 

Compare, Test 

0 

0 

X 

0 

ST > Source or 0 (FTST) 


0 

0 

X 

1 

ST < Source or 0 (FTST) 


1 

0 

X 

0 

ST = Source or 0 (FTST) 


1 

1 

X 

1 

ST is not comparable 

Remainder 

Qi 

0 

Qo 

q 2 

Complete reduction with 
three low bits of quotient 
(See Table 4b) 


u 

1 

u 

u 

Incomplete Reduction 

Examine 

0 

0 

0 

0 

Valid, positive unnormalized 


0 

0 

0 

1 

Invalid, positive, exponent =0 


0 

0 

1 

0 

Valid, negative, unnormalized 


0 

0 

1 

1 

Invalid, negative, exponent =0 


0 

1 

0 

0 

Valid, positive, normalized 


0 

1 

0 

1 

Infinity, positive 


0 

1 

1 

0 

Valid, negative, normalized 


0 

1 

1 

1 

Infinity, negative 


1 

0 

0 

0 

Zero, positive 


'1 

0 

0 

1 

Empty 


1 

0 

1 

0 

Zero, negative 


1 

0 

T 

1 

Empty 


1 

1 

0 

0 

Invalid, positive, exponent = 0 


1 

1 

0 

1 

Empty 


1 

1 

1 

0 

Invalid, negative, exponent = 0 


1 

1 

1 

1 

Empty 


NOTES: 

1 . ST = Top of stack 

2. X = value is not affected by instruction 

3. U = value is undefined following instruction 

4. Q n = Quotient bit n 


Table 4b. Condition Code interpretation after 
FPREM Instruction As a Function of 
Dividend Value 


Dividend Range 

q 2 

Qi 

Qo 

Dividend < 2 * Modulus 

C3 1 

Cl 1 

Q 0 

Dividend < 4 * Modulus 

C3 1 

Qi 

Qo 

Dividend 5 = 4 * Modulus 

q 2 

Qi 

Qo 


NOTE: 

1 . Previous value of indicated bit, not affected by FPREM 
instruction execution. 


15 



MEMORY 

OFFSET 


CONTROL WORD 

+ 0 


STATUS WORD 

+2 


TAG WORD 

+ 4 


INSTRUCTION POINTER (15-0) 

+6 


INSTRUCTION 
POINTER (19-16) 


INSTRUCTION 
OPCODE (10-0) 

+8 


DATA POINTER (15-0) 

+10 


DATA POINTER 
(19-16) 

0 

+ 12 

15 12 11 


1 


Figure 8. 8087 Instruction and Data Pointer 
Image in Memory 
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Control Word 

The 8087 provides several processing options which 
are selected by loading a word from memory into the 
control word. Figure 9 shows the format and encod- 
ing of the fields in the control word. 

The low order byte of this control word configures 
8087 interrupts and exception masking. Bits 5-0 of 
the control word contain individual masks for each 
of the six exceptions that the 8087 recognizes and 
bit 7 contains a general mask bit for all 8087 in- 
terrupts. The high order byte of the control word 
configures the 8087 operating mode including 
precision, rounding, and infinity controls. The preci- 
sion control bits (bits 9-8) can be used to set the 
8087 internal operating precision at less than the 
default of temporary real precision. This can be use- 
ful in providing compatibility with earlier generation 
arithmetic processors of smaller precision than the 
8087. The rounding control bits (bits 11-10) provide 
for directed rounding and true chop as well as the 
unbiased round to nearest mode specified in the 
proposed IEEE standard. Control over closure of the 
number space at infinity is also provided (either 
affine closure, ±<», or projective closure, », is treated 
as unsigned, may be specified). 


Exception Handling 

The 8087 detects six different exception conditions 
that can occur during instruction execution. Any or 
all exceptions will cause an interrupt if unmasked 
and interrupts are enabled. 

If interrupts are disabled the 8087 will simply con- 
tinue execution regardless of whether the host 
clears the exception. If a specific exception class is 
masked and that exception occurs, however, the 
8087 will post the exception in the status register 
and perform an on-chip default exception handling 
procedure, thereby allowing processing to continue. 
The exceptions that the 8087 detects are the 
following: 

1. INVALID OPERATION: Stack overflow, stack un- 
derflow, indeterminate form (0/0, »- etc.) or 
the use of a Non-Number (NAN) as an operand. 
An exponent value is reserved and any bit pattern 
with this value in the exponent field is termed a 
Non-Number and causes this exception. If this 
exception is masked, the 8087’s default response 
is to generate a specific NAN called INDEFINITE, 
or to propagate already existing NANs as the cal- 
culation result. 


XXX 

11 



“ 

□ 

PM 

11 

OM 

11 

11 

3 


EXCEPTION MASKS (1 = EXCEPTION IS MASKED) 

INVALID OPERATION 
DENORMALIZED OPERAND 
ZERO DIVIDE 
OVERFLOW 
UNDERFLOW 
PRECISION 

- (RESERVED) 

- INTERRUPT MASK (1 = INTERRUPTS ARE MASKED) 

- PRECISION CONTROL 0 ' 


- ROUNDING CONTROL' 2 ' 

- INFINITY CONTROL (0 = PROJECTIVE, 1 = AFFINE) 

- (RESERVED) 


'''Precision Control 

00 = 24 bits 

01 = Reserved 

10 = 53 bits 

11 = 64 bits 


(2) Rounding Control 

00 = Round to Nearest or Even 

01 = Round Down (toward - °°) 

10 = Round Up (toward + «) 

1 1 = Chop (truncate toward zero) 


Figure 9. 8087 Control Word 
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2. OVERFLOW: The result is too large in magnitude 
to fit the specified format. The 8087 will generate 
an encoding for infinity if this exception is 
masked. 

3. ZERO DIVISOR: The divisor is zero while the divi- 
dend is a non-infinite, non-zero number. Again, 
the 8087 will generate an encoding for infinity if 
this exception is masked. 

% 

4. UNDERFLOW: The result is non-zero but too 
small in magnitude to fit in the specified format. If 
this exception is masked the 8087 will 
denormalize (shift right) the fraction until the ex- 


ponent is in range. This process is called gradual 
underflow. 

5. DENORMALIZED OPERAND: At least one of the 
operands or the result is denormalized; it has the 
smallest exponent but a non-zero significand. 
Normal processing continues if this exception is 
masked off. 

6. INEXACT RESULT : If the true result is not exactly 
representable in the specified format, the result 
is rounded according to the rounding mode, and 
this flag is set. If this exception is masked, pro- 
cessing will simply continue. 
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ABSOLUTE MAXIMUM RATINGS* 


Ambient Temperature Under Bias 0°C to 70°C 

Storage Temperature -65°C to +150°C 

Voltage on Any Pin with 

Respect to Ground -1.0V to +7V 

Power Dissipation 3.0 Watt 


* NOTICE: Stresses above those listed under Absolute 
Maximum Ratings may cause permanent damage to the 
device. This is a stress rating only and functional opera- 
tion of the device at these or any other conditions above 
those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maxi- 
mum rating conditions for extended periods may affect 
device reliability. 


D.C. CHARACTERISTICS (t a = o°c to 70°c, v C c =+sv ±5%) 


Symbol 

Parameter 

Min. 

Max. 

Units 

Test Conditions 

V|L 

Input Low Voltage 

-0.5 

+0.8 

V 


V| H 

Input High Voltage 

2.0 

Vcc + 0 - 5 

V 


V 0 L 

Output Low Voltage 


0.45 

V 

Iql = 2.0 mA 

V OH 

Output High Voltage 

2.4 


V 

l 0H = -400 pA 

! CC 

Power Supply Current 


475 

mA 

T a = 25°C 

«LI 

Input Leakage Current 


±10 

pA 

o 

< 

/A 

< 

z 

/A 

< 

O 

o 

! LO 

Output Leakage Current 


±10 

pA 

0.45V Vqut Vqc 

V C L 

Clock Input Low Voltage 

-0.5 

+0.6 

V 


V C H 

Clock Input High Voltage 

3.9 

Vcc * 10 

V 


C|N 

Capacitance of Inputs 


10 

PF 

fc = 1 MHz 

ClO 

Capacitance of I/O Buffer 
(ADO-15, A 16 -A 19 , BHE, S2-S0, 
RQ/GT) and CLK 


15 

PF 

fc = 1 MHz 

C OUT 

Capacitance of Outputs 
BUSY, INT 


10 

P F j 

fc = 1 MHz 


A.C. CHARACTERISTICS (t a = o°c to 70°c, v cc = +sv ±5%) 


TIMING REQUIREMENTS 

8087 

8087-2 

8087-1 

(Preliminary: See Note 7) 

Symbol 

Parameter 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Units 

Test Conditions 

TCLCL 

CLK Cycle Period 

200 

500 

125 

500 

100 

500 

ns 


TCLCH 

CLK Low Time 

118 


68 


53 


ns 


TCHCL 

CLK High Time 

69 


44 


39 


ns 


TCH1CH2 

CLK Rise Time 


10 


10 


15 

ns 

From 1 0V to 3.5 V 

TCL2CL2 

CLK Fall Time 


10 


10 


15 

ns 

From 3.5V to 1.0V 

TDVCL 

Data in Setup Time 

30 


20 


15 


ns 


TCLDX 

Data in Hold Time 

10 


10 


10 


ns 


TRYHCH 

READY Setup Time 

118 


68 


53 


ns 


TCHRYX 

READY Hold Time 

30 


20 


5 


ns 


TRYLCL 

READY Inactive to CLK** 

- 8 


- 8 


-10 


ns 


TGVCH 

RQ/GT Setup Time 

30 


15 


8 


ns 


TCHGX 

RQ/GT Hold Time 

40 


30 


20 


ns 


TQVCL 

QS0-1 Setup Time 

30 


30 


10 


ns 


TCLQX 

QS0-1 Hold Time 

10 


10 


5 


ns 


TSACH 

Status Active Setup Time 

30 


30 


30 


ns 


TSNCL 

Status Inactive Setup Time 

30 


30 


30 


ns 


TILIH 

Input Rise Time (Except CLK) 


20 


20 


20 

ns 

From 0.8V to 2.0V 

TIHIL 

Input Fall Time (Except CLK) 


12 


12 


15 

ns 

From 2 0V to 0.8V 


**See Note 6 
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A.C. CHARACTERISTICS (Continued) 


TIMING RESPONSES 

8087 

8087-2 

8087-1 

(Preliminary: See Note 7) 

Symbol 

Parameter 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Units 

Test Conditions 

TCLML 

Command Active Delay 
(See Notes 1,2) 

10/0 

35/70 

10/0 

35/70 

10/0 

35/70 

ns 

C|_ = 20-100pF 
for all 8087 Outputs 

TCLMH 

Command Inactive Delay 
(See Notes 1,2) 

10/0 

35/55 

10/0 

35/55 

10/0 

35/70 

ns 

(in addition to 8087 
self-load) 

TRYHSH 

Ready Active to Status Passive 
(See Note 5) 


110 


65 


45 

ns 


TCHSV' 

Status Activ^ Delay 

10 

110 

10 

60 

10 

45 

ns 


TCLSH 

Status Inactive Delay 

10 

130 

10 

70 

10 

55 

ns 


TCLAV 

Address Valid Delay 

10 

110 

10 

60 

10 

55 

ns 


TCLAX 

Address Hold Time 

10 


10 


10 


ns 


TCLAZ 

Address Float Delay 

TCLAX 

80 

TCLAX 

50 

TCLAX 

45 

ns 


TSVLH 

Status Valid to ALE High 
(See Notes 1,2) 


15/30 


15/30 


15/30 

ns 


TCLLH 

CLK Low to ALE Valid 
(See Notes 1,2) 


15/30 


15/30 


15/30 

ns 


TCHLL 

ALE Inactive Delay 
(See Notes 1,2) 


15/30 


15/30 


15/30 

ns 


TCLDV 

Data Valid Delay 

10 

110 

10 

60 

10 

50 

ns 


Tchdx 

Data Hold Time 

10 


10 


10 

45 

ns 


TCVNV 

Control Active Delay 
(See Notes 1,3) 

5 

45 

5 

45 

5 

45 

ns 


TCVNX 

Control Inactive Delay 
(See Notes 1,3) 

10 

45 

10 

45 

10 

45 

ns 


TCHBV 

BUSY and INT Valid Delay 

10 

150 

10 

85 

10 

65 

ns 


TCHDTL 

Direction Control Active Delay 
(See Notes 1,3) 


50 


50 


50 

. ns 


TCHDTH 

Direction Control Inactive 
Delay (See Notes 1,3) 


30 


30 


30 

ns 


TSVDTV 

STATUS to DT/R Delay 
(See Notes 1,4) 

0 

30 

0 

30 

0 

30 

ns 


TCLDTV 

DT/R Active Delay 
(See Notes 1,4) 

0 

55 

0 

55 

0 

55 

ns 


TCHDNV 

DEN Active Delay 
(See Notes 1,4) 

0 

55 

0 

55 

0 

55 

ns 


TCHDNX 

DEN Inactive Delay 
(See Notes 1 ,4) 

5 

55 

5 

55 

5 

55 

ns 


TCLGL 

RQ/GT Active Delay 

0 

85 

0 

50 

0 

41 

ns 

C|_=40pF (in addition 

TCLGH 

RQ/GT Inactive Delay 

0 

85 

0 

50 

0 

45 

ns 

to 8087 self-load) 

TOLOH 

Output Rise Time 


20 


20 


15 

ns 

From 0.8V to 2.0V 

TOHOL 

Output Fall Time 


12 


12 


12 

ns 

From 2.0V to 0.8V 


NOTES: 

1. Signal at 8284A, 8288, or 82188 shown for reference only. 

2. 8288 timing/82188 timing 

3. 8288 timing 

4. 82188 timing 

5. Applies only to T 3 and wait states 

6. Applies only to T 2 state (8ns into T 3 ) 

7. IMPORTANT SYSTEM CONSIDERATION: Some 8087-1 timing parameters are constrained relative to the corresponding 
8086-1 specifications. Therefore, 8086-1 systems incorporating the 8087-1 should be designed with the 8087-1 specifications. 
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WAVEFORMS 


MASTER MODE (with 8288 references) 


T 2 t 3 


t 4 



NOTES: 

1 ALL SIGNALS SWITCH BETWEEN V 0L AND Vqh UNLESS OTHERWISE SPECIFIED 

2 READY IS SAMPLED NEAR THE END OF T 2 , T 3 AND T w TO DETERMINE IF T w MACHINE STATES ARE TO BE INSERTED. 

3 THE LOCAL BUS FLOATS ONLY IF THE 8087 IS RETURNING CONTROL TO THE 8086/8088 

4 ALE RISES AT LATER OF (TSVLH, TCLLH) 

5 STATUS INACTIVE IN STATE JUST PRIOR TO T 4 

6 SIGNALS AT 8284A OR 8288 ARE SHOWN FOR REFERENCE O NLY. 

7 THE ISSUANCE OF 8288 COMMAND AND CONTROL SIGNALS (MRDC, MWTC, AMWC AND DEN) LAGS THE ACTIVE HIGH 8288 CEN 

8 ALL TIMING MEASUREMENTS ARE MADE AT 1 5 V UNLESS OTHERWISE NOTED 
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WAVEFORMS (Continued) 


MASTER MODE (with 82188 references) 

T 1 T 2 T 3 T 4 



NOTES: 

1 ALL SIGNALS SWITCH BETWEEN V 0 l AND Vqh UNLESS OTHERWISE SPECIFIED. 

2 READY IS SAMPLED NEAR THE END OF T 2 , T 3 AND T w TO DETERMINE IF T w MACHINE STATES ARE TO BE INSERTED 

3 THE LOCAL BUS FLOATS ONLY IF THE 8087 IS RETURNING CONTROL TO THE 80186/80188 

4 ALE RISES AT LATER OF (TSVLH, TCLLH) 

5 STATUS INACTIVE IN STATE JUST PRIOR TO T 4 

6 SIGNALS AT 8284A OR 82188 ARE SHOWN FOR REFERENCE ONLY 

7 THE ISSUANCE OF 8288 COMMAND AND CONTROL SIGNALS (MRDC, MWTC, AMWC, AND DEN) LAGS THE ACTIVE HIGH 8288 CEN 

8 ALL TIMING MEASUREMENTS ARE MADE AT 1 5V UNLESS OTHERWISE NOTED 

9 DT/R BECOMES VALID AT THE LATER OF (TSVDTV, TCLDTV) 
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PASSIVE MODE 


bhe/s 7 ,a 19 /s 6 -a 16 /s 3 




REQUEST/GRANTn TIMING 



> 0 CLK, ANY CLK 
CYCLE CYCLE - 



NOTE THE CPU PROVIDES ACTIVE PULLUP OF RQ/GTO, SEE TCLGH SPEC 
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WAVEFORMS (Continued) 


REQUEST/GRANT i TIMING 



NOTE ALTERNATE MASTER MAY NOT DRIVE THE BUSES OUTSIDE OF THE REGION 
SHOWN WITHOUT RISKING BUS CONTENTION 


BUSY AND INTERRUPT TIMING 

CLK \ . 

' V 



( BUSY, INT 

X 

TCHBV 
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Table 5. 8087 Extensions to the 86/186 Instructions Sets 


Data Transfer 

FLD = LOAD 

Integer/Real Memory to ST(0) 

Long Integer Memory to ST(0) 

Temporary Real Memory to 
ST(0) r 

BCD Memory to ST(0) 

ST(i) to ST(0) 


ESCAPE MF 1 | MOD 0 0 0 R/M | 
ESCAPE 1 1 1 MOD 1 0 1 R/M | 

| ESCAPE 0 1 1 | MOD 1 0 1 R/M 

ESCAPE 1 1 1 MOD 1 0 0 R/M 

I ESCAPE 0 0 1 I 1 1 0 0 0 ST(i) I 


Optional 
8,16 Bit 
Displacement 

32 Bit 
Real 

Clock Count Range 
32 Bit 64 Bit 
Integer Real 

16 Bit 
Integer 


00 

01 

10 

11 

DISP | 

38-56 
+ EA 

52-60 
+ EA 

40-60 
+ EA 

46-54 
+ EA 


J 60-68 + EA 
53-65 +EA 
290-310 + EA 


FST = STORE 

ST(0) to Integer/Real Memory 
ST(0) to ST(i) - - 


| ESCAPE MF 1 | MOD 0 1 0 R/M | 
I ESCAPE 1 0 1 I 1 1 0 1 0 ST(i) I 


DISP 84-90 82-92 96-104 80-90 

+ EA + EA + EA + EA 


FSTP = STORE AND POP 
ST(0) to Integer/Real Memory 

ST(0) to Long Integer Memory 

ST(0) to Temporary Real 
Memory 

ST(0) to BCD Memory 
ST(0) to ST(i) 

FXCH - Exchange ST(i) and 
ST(0) 

Comparison 
FCOM = Compare 
Integer/Real Memory to ST(0) 

ST(i) to ST (0) / 


| ESCAPE MF 1 I MOD 0 1 1 R/M | 

ESCAPE 1 1 1 MOD 1 1 1 R/M 

ESCAPE 0 1 1 MOD 1 1 1 R/M ] 

ESCAPE 1 1 1 MOD 1 1 0 R/M 

ESCAPE 1 0 1 | 1 1 ' 0 1 1 ST(i) 

ESCAPE 0 0 1 1 1 0 0 1 ST(i) 

ESCAPE MF 0 MOD 0 1 0 R/M 

I ESCAPE 0 0 0 I 1 1 0 1 0 ST(i) I 


86-92 84-94 98-106 82-92 

+ EA + EA +EA + EA - 

94-105 + EA 
52-58 + EA 
520-540 + EA 
17-24 


DISP , 60-70 78-91 65-75 72-86 

+ EA + EA + EA + EA 


FCOMP = Compare and Pop 

Integer/Real Memory to ST(0) I feSCAPE MF oT MOD 0 1 1 R/M 


ST(i) to ST(0) 


ESCAPE 0 0 0 1 1 0 1 1 ST(i) 


FCOMPP = Compare ST(1) to | ESCAPE 1 1 0 [ 1 1 011001 

ST(0) and Pop Twice " 1 


FTST = Test ST(0) 

FXAM = Examine ST(0) 
Mnemonics© Intel 1982 


| ESCAPE 6 0 1 | 1 1 10 0 10 0 

(escape 00111 100101 


63-73 80-93 67-77 74-88 

+ EA + EA + EA + EA 
45-52 
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Table 5. 8087 Extensions to the 86/1 86 Instruction Sets (cont.) 


Optional Clock Count Range 

8,16 Bit 32 Bit I 32 Bit | 64 Bit I 16 Bit 

Displacement Real Integer Real Integer 


FLDZ = LOAD + 00 into ST(0) ESCAPE 00111 101110 


FLD1 = LOAD + 1 0 into ST(0) ESCAPE 00111 101000 


FLDPI - LOAD n into ST(0) 


ESCAPE 00111 101011 


FLDL2T = LOAD log 2 10 into ESCAPE 00111 101001 

ST(0) 

FLDL2E - LOAD log 2 e into FeSCAPE 0 0 1 I 11 10 10 10 

ST(0) i 

FLDLG2 = LOAD log-io 2 into , 1 

ST(0) ESCAPE 00111 101100 


FLDLN2 - LOAD log e 2 into ESCAPE 00111 101101 

ST (0) 1 1 


FADD = Addition 

Integer/Real Memory with ST(0) | ESCAPE MF of MOD 0 0 0 R/M 


ST(i) and ST(0) 


ESCAPE d P 0 1 1 0 0 0 ST(i) 


90-120 108-143 95-125 102-137 

+ EA + EA + EA + EA 


70-100 (Note 1) 


FSUB = Subtraction 

Integer/Real Memory with ST(0) I ESCAPE MF 0 I MOD 1 0 R R/M~ 


ST(i) and ST(0) 


ESCAPE d P 0 1 1 1 0 R R/M 


90-120 108-143 95-125 102-137 

+ EA + EA + EA + EA 


70-100 (Note 1) 


FMUL = Multiplication 

Integer/Real Memory with ST(0) I ESCAPE MF 0 J MOD 0 0 i R/M 


ST(i) and ST(0) 


ESCAPE d P 0 1 1 0 0 1 R/M 


/M | 


110-125 130-144 112-168 124-138 
+ EA + EA + EA + EA 


90-145 (Note 1) 


FDIV = Division 

Integer/Real Memory with ST(0) ESCAPE MF 0 MOD 1 1 R R/M 


ST(i) and ST(0) 


ESCAPE d P 0 1 1 1 1 R R/M 


DISP 215-225 230-243 220-230 224-238 

+ EA + EA + EA + EA 


193-203 (Note 1) 


FSQRT - Square Root of ST(0) | ESCAPE 0 0 1 | 1 1 111010 
FSCALE = Scale ST(0) by ST(1) I ESCAPE 0 0 1 I 1 1 11110 1 


FPREM = Partial Remainder of | ESCAPE 0 0 1 | 1 1 111000 

ST(0) -ST(1) ^ 


FRNDINT = Round ST(0) to | ESCAPE 001(11 111100 

Integer “ ' ~ ' 

NOTE: ™ ~ _ ™ 

1. If P=1 then add 5 clocks. 
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Table 5. 8087 Extensions to the 86/186 Instructions Sets (coni) 


Optional Clock Count Range 

8,16 Bit 
Displacement 


FXTRACT = Extract 
Components of St(0) 


ESCAPE 00111 110100 


FABS = Absolute Value of ESCAPE 0011 1 100001 

S T (0) 1 1 

FCHS - Change Sign of ST(0) I ESCAPE 0 0 1 I 1 1 1 0 0 0 0 0 


Transcendental 

FPTAN = Partial Tangent of 
ST(0) 


ESCAPE 00111 110010 


FPATAN = Partial Arctangent 
of ST(0) -ST(1) 


ESCAPE 00111 110011 


ESCAPE 0011 1 > 1 1 0000 


FYL2X - ST(1)* Log 2 
IST(0)] 

FYL2XP1 = ST(1) • Log 2 
[ ST (0) + 1 ] 

Processor Control 

FIN1T = Initialized 8087 


ESCAPE 00111 110001 


ESCAPE 00111 111001 


ESCAPE 01111 100011 


FENI = Enable Interrupts 


ESCAPE 01111 100000 


FDISI = Disable Interrupts 


ESCAPE 01111 100001 


FLDCW - Load Control Word ESCAPE 0 0 1 MOD 1 0 1 R/M 


FSTCW = Store Control Word ESCAPE 0 0 1 MOD 1 1 1 R/M 


FSTSW = Store Status Word 


ESCAPE 10 1 MOD 1 1 1 R/M 


FCLEX = Clear Exceptions 


ESCAPE 01111 100010 


FSTENV = Store Environment ESCAPE 0 0 1 MOD 1 1 0 R/M 


FLDENV = Load Environment ESCAPE 0 0 1 MOD 1 0 0 R/M 


FSAVE = Save State 


FRSTOR = Restore State 


ESCAPE 10 1 MOD 1 1 0 R/M 


ESCAPE 10 1 MOD 1 0 0 R/M 


197-207+ EA 


197-207+ EA 


FINCSTP = Increment Stack 
Pointer 


ESCAPE 00111 110111 


FDECSTP = Decrement Stack 
Pointer 


ESCAPE 00111 110110 



3-196 


205835-003 






8087 / 8087 - 2 / 8087-1 


iny 


Table 5. 8087 Extensions to the 86/1 86 Instructions Sets (cont.) 

Clock Count Range 

9-16 


10-16 
3 + 5n* 

*n = number of times CPU examines TEST line before 8087 lowers BUSY 

NOTES: 

1. if mod =00 then DISP=0‘, disp-low and disp-high are absent 

if mod=01 then DISP=disp-low sign-extended to 16-bits, disp-high is absent 
if mod = 10 then DISP=disp-high; disp-low 
if mod = 11 then r/m is treated as an ST(i) field 

2. if r/m =000 then EA=(BX) + (SI) +DISP 
if r/m =001 then EA=(BX) + (Dl) + DISP 
if r/m=010 then EA=(BP) + (SI) +DISP 
if r/m =01 1 then EA=(BP) + (Dl) +DISP 
if r/m = 100 then EA=(SI) + DISP 

if r/m = 101 then EA=(DI) + DISP 
if r/m = 1 10 then EA=(BP) + DISP 
if r/m = 111 then EA=(BX) + DISP 

‘except if mod=000 and r/m = 1 10 then EA =disp-high; disp-low. 

3. MF= Memory Format 

00— 32-bit Real 

01 — 32-bit Integer 

10— 64-bit Real 

11 — 16-bit Integer 

4. ST(0)= Current stack top 

ST(i) i th register below stack top 

5. d= Destination 

0 — Destination is ST(0) 

1 — Destination is ST(i) 

6 P= Pop 

0 — No pop 

1— PopST(O) 

7. R= Reverse: When d = 1 reverse the sense of R 

0 — Destination (op) Source 

1 — Source (op) Destination 

8. For FSQRT: -0 ^ ST(0) ^ +* 

For FSCALE: -2 15 ^ ST(1) < +2 15 and ST(1) integer 

For F2XM1 : 0 ^ ST(0) ^ 2 _1 

For FYL2X: 0 < ST(0) <* 

-oc < ST(1) < + oc 

For FYL2XP1: 0 ^ IST(0)l < (2 -V2)/2 

-* < ST(1) < oc 
For FPTAN: 0 ^ ST(0) ^tt/4 

For FPATAN: 0 ^ ST(0) < ST(1) < +oc 
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iRMX 86 OPERATING SYSTEM PROCESSORS 


High-Performance 2-Chip Data 
Processors Containing Operating 
System Primitives 

Standard iAPX 86/10, 88/10 Instruction 
Set Plus Task Management, Interrupt 
Management, Message Passing, 
Synchronization and Memory 
Allocation Primitives 

Fully Extendable To and Compatible With 
iRMX® 86 

Supports Five Operating System Data 


types: Jobs, Tasks, Segments, 

Mailboxes, Regions 

■ 35 Operating System Primitives 

■ Built-In Operating System Timers and 
Interrupt Control Logic Expandable 
Rom 8 to 57 Interrupts 

■ 8086/801 50/801 50-2/8088/801 86/801 88 
Compatible At Up To 8 MHz Without 
Wait States 

■ MULTIBUS® System Compatible Interface 


The Intel iAPX 86/30 and iAPX 88/30 are two-chip microprocessors offering general-purpose CPU (8086) 
instructions combined with real-time operating system support. They provide a foundation for multiprogram- 
ming and multitasking applications. The iAPX 86/30 consists of an iAPX 86/10 (16-bit 8086 CPU) and an 
Operating System Firmware (OSF) component (80130). The 88/30 consists of the OSF and an iAPX 88/10 (8-bit 
8088 CPU). (80186 or 80188 CPUs may be used in place of the 8086 or 8088.) 

Both components of the 86/30 and 88/30 are implemented in N-channel, depletion-load, silicon-gate technol- 
ogy (HMOS), and are housed in 40-pin packages. The 86/30 and 88/30 provide all the functions of the iAPX 86/1 0, 
88/10 processors plus 35 operating system primitives, hardware support for eight interrupts, a system timer, a 
delay timer and a baud rate generator. 



BAUD RATE DELAY SYSTEM >APX 86/30, 88/30 

TIMER TIMER TIMER 


Figure 1. iAPX 86/30, 88/30 Block Diagram 


Intel Corporation Assumes No Responsibly for the Use of Any Circuitry Other Than Circuitry Embodied in an Intel Product No Other Circuit Patent Licenses are Implied 
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MAX 1 MAX j 

MODE {MODE [ 



"V f“ 






jr 


8086 ( 8088 ) 

Vss C 

1 


40 

ID V CC 


Vss d 

1 


40 

□ V CC 

ADI 4 Q 

2 


39 

ID ADI 5 

(A14) 

AD14 [H 

2 


39 

I] ADI 5 (A15) 

AD13 d 

3 


38 

□ BHE 

(A13) 

AD13 d 

3 


38 

[D A16/S3 

AD12 d 

4 


37 

ID IR7 

(A12) 

AD12 [D 

4 


37 

ID A17/S4 

AD11 Q 

5 


36 

□ IR6 

(All) 

AD11 d 

5 


36 

ID A18/S5 

AD10 £2 

6 


35 

| IR5 

(A10) 

AD10 d 

6 


35 

ID A19/S6 

AD9 Q 

7 


34 

□ IR4 

(A9) 

AD9 d 

7 


34 

I] BHE/S7 (HIGH) 

AD8 Q 

8 


33 

ID ir3 

(A8) 

AD8 [D 

8 


33 

| MN/MX 

AD7 Q 

9 


32 

| IR2 


ad 7 m 

9 

8086 

32 

ID RD 

AD6 

10 

80130 

OSF 

31 

| IR1 


AD6 d 

10 

(8088) 

CPU 

31 

ID RQ/GT0 

ADS £2 

11 


30 

ID ir ° 


AD5 H 

11 


30 

ID RQ/GTi 

AD4 Q 

12 


29 

ID INT 


AD4 [H 

12 


29 

ID lock 

AD3 

13 


28 

□ si 


AD3 d 

13 


28 

□ ■ 

AD2 Q 

14 


27 

□ si 


AD2 [D 

14 


27 

□ » 

ADI 

15 


26 

D] SO 


adi m 

15 


26 

ID so 

ADO 

16 


25 

ID ACK 


ADO d 

16 


25 

ID oso 

MEMOS d 

17 


24 

| UR 


nmi m 

17 


24 

ID QS1 

IOCS Q 

18 


23 

ID SYSTICK 


!NT R d 

18 


23 

ID tISt 

CLK Q 

19 , 


22 

ID DELAY 


CLK [I 

19 


22 

ID READY 

V S S d 

20 


21 

ID BAUD 


Vss d 

20 


21 

ID reset 













Figure 2. iAPX 86/30, 88/30 Pin Configuration 


Table 1. 80130 Pin Description 


Symbol 

Type 

Name and Function 

ad 15 -ad 0 

I/O 

Address Data: These pins constitute the time multiplexed memory address (Ti) and 
data (T 2 ,T 3 ,Tw.T 4 ) bus. These lines are active HIGH. The address presented duringT-j of 
a bus cycle will be latched internally and interpreted as an 80130 internal address if 
MEMOS or IOCS is active for the invoked primitives. The 80130 pins float whenever it is 
not chip selected, and drive these pins only duringT 2 -T 4 of a read cycle andT-j of an INTA 
cycle. 

BHE/Sy 


Bus High Enable: The 80130 uses the BHE signal from the processor to determine 
whether to respond with data on the upper or lower data pins, or both. The signal is active 
LOW. BHE is latched by the 80130 on the trailing edge of ALE. It controls the 801 30 output 
data as shown. 

BHE A 0 

0 0 Word on AD 15 -AD 0 

0 1 Upper byte on AD-J 5 -AD 8 

1 0 Lower byte on AD 7 -AD 0 

1 1 Upper byte on AD 7 -ADq 

S 2 , S-| , S 0 

1 

Status: For the 80130, the status pins are used as inputs only. 80130 encoding follows: 

S 2 s 1 Sq 

0 0 0 INTA 

0 0 1 IORD 

0 1 0 IOWR 

0 1 1 Passive 

10 0 Instruction fetch 

1 0 1 MEMRD 

11 X Passive 
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Table 1. 80130 Pin Description (Continued) 


Symbol 

Type 

Name and Function ( 

CLK 

1 

Clock: The system clock provides the basic timing for the processor and bus controller. 
It is asymmetric with a 33% duty cycle to provide optimized internal timing. The 80130 
uses the system clock as an input to the SYSTICK and BAUD timers and to synchronize 
operation with the host CPU. 

INT 

0 

Interrupt: INT is HIGH whenever a valid interrupt request is asserted. It is normally used 
to interrupt the CPU by connecting it to INTR. 

IRy-IRo 

1 

Interrupt Requests: An interrupt request can be generated by raising an IR input (LOW 
to HIGH) and holding it HIGH until it is acknowledged (Edge-Triggered Mode), or just by a 
HIGH level on an IR input (Level-Triggered Mode). 

ACK 

0 

Acknowledge: This line is LOW whenever an 801 30 resource is being accessed. It is also 
LOW during the first INTA cycle and second INTA cycle if the 80130 is supplying the 
interrupt vector information This signal can be used as a bus ready acknowledgement 
and/or bus transceiver control. 

MEMCS 

1 

Memory Chip Select: This input must be driven LOW when a kernel primitive is being 
fetched by the CPU. AD 13 -ADo are used to select the instruction. 

iocs 

1 

Input/Output Chip Select: When this input is low, during an IORD or IOWR cycle, the 
8013'0’s kernel primitives are accessing the appropriate peripheral function as specified 
by the following table: 

BHE A 3 A 2 A-, A 0 

0 X X X X Passive 

X X X X 1 Passive 

X 0 1 X X Passive 

1 0 0X0 Interrupt Controller 

1 1 0 0 0 Systick Timer 

1 10 10 Delay Counter 

1 110 0 Baud Rate Timer 

1 1110 Timer Control 

UR 

0 

Local Bus Interrupt Request: This signal is LOW when the interrupt request is for a 
non-slave input or slave input programmed as being a local slave. 

< 

o 

o 


Power: Vqq is the +5V supply pin. 

Vss 

1 

Ground: Vgs is the ground pin. 

SYSTICK 

0 

System Clock Tick: Timer 0 Output. Operating System Clock Reference. SYSTICK is 
normally wired to IR2 to implement operating system timing interrupt. 

DELAY 

0 

DELAY Timer: Output of timer 1. Reserved by Intel Corporation for future use. 

BAUD 

0 

Baud Rate Generator: 8254 Mode 3 compatible output. Output of 80130 Timer 2. 


FUNCTIONAL DESCRIPTION 

The increased performance and memory space of 
iAPX 86/10 and 88/10 microprocessors have proven 
sufficient to handle most of today’s single-task or 
single-device control applications with performance 
to spare, and have led to the increased use of these 
microprocessors to control multiple tasks or devices 
in real-time. This trend has created a new challenge 
to designers — development of real-time, multitask- 
ing application systems and software. Examples of 
such systems include control systems that monitor 
and react to external events in real-time, multifunc- 
tion desktop and personal computers, PABX equip- 


ment which constantly controls the telephone traffic 
in a multiphone office, file servers/disk subsystems 
controlling and coordinating multiple disks and mul- 
tiple disk users, and transaction processing systems 
such as electronics funds transfer. 


The iAPX 86/30, 88/30 Operating System 
Processors 


The Intel iAPX 86/30, 88/30 Operating System Pro- 
cessors (OSPs) were developed to help solve this 
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Figure 3. OSF internal Block Diagram 


problem. Their goal is to simplify the design of multi- 
tasking application systems by providing a well- 
defined, fully debugged set of operating system 
primitives implemented directly in the hardware, 
thereby removing the burden of designing multitask- 
ing operating system primitives from the application 
programmer. 

Both the 86/30 and the 88/30 OSPs are two-chip sets 
consisting of a main processor, an 8086 or 8088 CPU, 
and the Intel 80130, Operating System Firmware 
component (OSF) (see Figure 1).The 80130 provides 
a set of multitasking kernel primitives, kernel control 
storage, and the additional support hardware, in- 
cluding system timers and interrupt control, re- 
quired by these primitives. From the application 
programmer’s viewpoint, the OSF extends the base 
iAPX 86, 88 architecture by providing 35 operating 
system primitive instructions, and supporting five 
new system data types, making the OSF a logical and 


easy-to-use architectural extension to iAPX 86, 88 
system designs. 

The OSP Approach 

The OSP system data types (SDTs) and primitive in- 
structions allocate, manage and share low-level pro- 
cessor resources in an efficient manner. For 
example, the OSP implements task context manage- 
ment (managing a task state image consisting of 
both hardware register set and software control in- 
formation) for either the basic 86/10 context or the 
extended 86/20 (8086+8087) numerics context. The 
OSP manages the entire task state image both while 
the task is actively executing and while it is inactive. 
Tasks can be created, put to sleep for specified peri- 
ods, suspended, executed to perform their func- 
tions, and dynamically deleted when their functions 
are complete. 
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The Operating System Processors support event- 
oriented systems designs. Each event may be pro- 
cessed by an individual responding task or along 
with other closely related events in a*common task. 
External events and interrupts are processed by the 
OSP interrupt handler primitives using its built-in 
interrupt controller subsystem as they occur in real- 
time. The multiple tasks and the multiple events are 
coordinated by the OSP integral scheduler whose 
preemptive, priority-based scheduling algorithm 
and system timers organize and monitor the process- 
ing of every task to guarantee that events are pro- 
cessed as they occur in order of relative importance. 
The 86/30 also provides primitives for intertask com- 
munication (by mailboxes) and for mutual exclusion 
(by regions), essential functions for multitasking 
applications. 

Programming Language Support 

Programs for the OSP can be written in ASM 86/88 or 
PL/M 86/88, Intel's standard system languages for 
iAPX 86,88 systems. 

The Operating System Processor Support Package 
(iOSP 86) provides an interface library for applica- 
tion programs written in any model of PL/M-86. This 
library also provides 80130 configuration and in- 
itialization support as well as complete user 
documentation. 

OSF PROGRAMMING INTERFACE 

The OSF provides 35 operating system kernel 
primitives which implement multitasking, interrupt 
management, free memory management, intertask 
communication and synchronization. Table 4 shows 
each primitive, and Table 5 gives the execution per- 
formance of typical primitives. 

OSP primitives are executed by a combination of 
CPU and OSF (80130) activity. When an OSP primi- 
tive is called by an application program task, the 
iAPX CPU registers and stacks are used to perform 
the appropriate functions and relay the results to the 
application programs. 

OSP Primitive Calling Sequences 

A standard, stack-based, calling sequence is used to 
invoke the OSF primitives. Before a primitive is 
called, its operand parameters must be pushed on 
the task stack. The SI register is loaded with the 
offset of the last parameter on the stack. The entry 
code for the primitive is loaded into AX. The primitive 
invocation call is made with a CPU software interrupt 


(Table 4). A representative ASM86 sequence for call- 
ing a primitive is shown in Figure 4. In PL/M the OSP 
programmer uses a call to invoke the primitive. 


SAMPLE ASSEMBLY LANGUAGE PRIMITIVE CALL 

PUSH P! 
PUSH P 2 

;PUSH PARAMETER 1 
;PUSH PARAMETER 2 

PUSH P N 
PUSH BP 
MOV BP,SP 

LEA SI,SS:NUM BYTES PARAM 

.PUSH PARAMETER N 
jSTACK CALLING CONVENTION 

+ 2 [BP] 

,SS:SI POINTS TO FIRST 
.PARAMETER ON STACK 

MOV AX, ENTRY CODE 
INT 184 

,AX SETS PRIMITIVE ENTRY CODE 
;OSF INTERRUPT 

OSP PRIMITIVE INVOKED 

POP BP 

RET NUM BYTES — PARAM 

,POP PARAMETERS 
,CX CONTAINS EXCEPTION CODES 
;DL CONTAINS PARAMETER NUMBER 
, THAT CAUSED EXCEPTION (IF 
, CX IS NON ZERO) 

;AX CONTAINS WORD RETURN VALUE 
,ES:BX CONTAINS POINTER 
RETURN VALUE 


Figure 4. ASM/86 OSP Calling Convention 


OSP Functional Description 

Each major function of the OSP is described below. 
These are: 

Job and Task Management 
Interrupt Management 
Free Memory Management 
Intertask Communication 
Intertask Synchronization 
Environmental Control 

The system data types (or SDTs) supported by the 
OSP are capitalized in the description. A short 
description of each SDT appears in Table 2. 

JOB and TASK Management 

Each OSP JOB is a controlled environment in which 
the applications program executes and the OSF sys- 
tem data types reside. Each individual application 
program is normally a separate OSP JOB, whether it 
has one initial task (the minimum) or multiple tasks. 
JOBs partition the system memory into pools. Each 
memory pool provides the storage areas in which the 
OSP will allocate TASK state images and other sys- 
tem data types created by the executing TASKs, and 
free memory for TASK working space. The OSP sup- 
ports multiple executing TASKs within a JOB by 
managing the resources used by each, including the 
CPU registers, NPX registers, stacks, the system data 
types, and the available free memory space pool. 
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When a TASK is created, the OSP allocates memory 
(from the free memory of its JOB environment) for 
the TASK’S stack and data area and initializes the 
additional TASK attributes such as the TASK priority 
level and its error handler location. (As an option, the 
caller of CREATE TASK may assign previously 
defined stack and data areas to the TASK.) Task 
priorities are integers between 0 and 255 (the lower 
the priority number the higher the scheduling 
priority of the TASK). Generally, priorities up to 128 
will be assigned to TASKs which are to process inter- 
rupts. Priorities above 128 do not cause interrupts to 
be disabled, these priorities (129 to 255) are appro- 
priate for non-interrupt TASKs. If an 8087 Numerics 
Processor Extension is used, the error recovery inter- 
rupt level assigned to it will have a higher priority 
than a TASK executing on it, so that error handling is 
performed correctly. 

EXECUTION STATUS 

A TASK has an execution status or execution state. 
The OSP provides five execution states: RUNNING, 
READY, ASLEEP, SUSPENDED, and ASLEEP- 
SUSPENDED. 

— A TASK is RUNNING if it has control of the 
processor. 

— A TASK is READY if it is not asleep, suspended, or 
asleep-suspended. For a TASK to become the run- 
ning (executing) TASK, it must be the highest 
priority TASK in the ready state. 

— A TASK is ASLEEP if it is waiting for a request to 
be granted or a timer event to occur. A TASK may 
put itself into the ASLEEP state. 

— A TASK is SUSPENDED if it is placed there by 
another TASK or if it suspends itself. A TASK may 
have multiple suspensions, the count of suspen- 
sions is managed by the OSP as the TASK suspen- 
sion depth. 

— A TASK is ASLEEP-SUSPENDED if it is both 
waiting and suspended. 

TASK attributes, the CPU register values, and the 
8087 register values (if the 8087 is configured into 
the application) are maintained by the OSP in the 
TASK state image. Each TASK will have a unique 
TASK state image. 

SCHEDULING 

The OSP schedules the processor time among the 
variousTASKs on the basis of priority. A TASK has an 
execution priority relative to all other TASKs in the 
system, which the OSP maintains for each TASK in its 
TASK state image. When a TASK of higher priority 
than the executing TASK becomes ready to execute, 


the OSP switches the control of the processor to the 
higher priority TASK. First, the OSP saves the outgo- 
ing (lower priority) TASK’S state including CPU regis- 
ter values in its TASK state image. Then, it restores 
the CPU registers from the TASK state image of the 
incoming (higher priority) TASK. Finally, it causes the 
CPU to start or resume executing the higher priority 
TASK. 

TASK scheduling is performed by the OSP. The OSP’s 
priority-oriented preemptive scheduler determines 
which TASK executes by comparing their relative 
priorities. The scheduler insures that the highest 
priority TASK with a status of READY will execute. A 
TASK will continue to execute until an interrupt with a 
higher priority occurs, or until it requests unavailable 
resources, for which it is willing to wait, or until it 
makes specific resources available to a higher 
priority TASK waiting for those resources. 

TASKs can become READY by receiving a message, 
receiving control, receiving an interrupt, or by timing 
out. The OSP always monitors the status of all the 
TASKs (and interrupts) in the system. Preemptive 
scheduling allows the system to be responsive to the 
external environment while only devoting CPU re- 
sources to TASKs with work to be performed. 

TIMED WAIT 

The OSP timer hardware facilities support timed 
waits and timeouts. Thus, in many primitives, aTASK 
can specify the length of time it is prepared to wait 
for an event to occur, for the desired resources to 
become available or for a message to be received at a 
MAILBOX. The timing interval (or System Tick) can 
be adjusted, with a lower limit of 1 millisecond. 

APPLICATION CONTROL OF TASK EXECUTION 

Programs may alter TASK execution status and 
priority dynamically. One TASK may suspend its own 
execution or the execution of another TASK for a 
period of time, then resume its execution later. Multi- 
ple suspensions are provided. A suspended TASK 
may be suspended again. 

The eight OSP Job and TASK management primitives 
are: 

CREATE JOB Partitions system resources and 
creates a TASK execution 
environment. 

CREATE TASK Creates a TASK state image. 

Specifies the location of the 
TASK code instruction stream, 
its execution priority, and the 
other TASK attributes. 
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DELETE TASK Deletes the TASK state image, 
removes the instruction stream 
from execution and deallocates 
$tack resources. Does not delete 
INTERRUPT TASKS. 

SUSPEND TASK Suspends the specified TASK or, 
if already suspended, in- 
crements its suspension depth 
by one. Execute state is 
SUSPEND. 

RESUME TASK Decrements the TASK suspen- 
sion depth by one. If the sus- 
pension depth is then zero, 
the primitive changes the task 
execution status to READY, 
or ASLEEP (if ASLEEP/ 
SUSPENDED). 

SLEEP Places the requesting TASK in 

the ASLEEP state for a specified 
number of System Ticks. (The 
TICK interval can be configured 
down to 1 millisecond.) 

SET PRIORITY Alters the priority of a TASK. 

Interrupt Management 

The OSP supports up to 256 interrupt levels or- 
ganized in an interrupt vector, and up to 57 external 
interrupt sources of which one is the NMI (Non- 
Maskable Interrupt). The OSP manages each inter- 
rupt level independently. The OSF INTERRUPT 
SUBSYSTEM provides two mechanisms for interrupt 
management: INTERRUPT HANDLERS and INTER- 
RUPT TASKS. INTERRUPT HANDLERS disable all 
maskable interrupts and should be used only for 
servicing interrupts that require little processing 
time. Within an INTERRUPT HANDLER only certain 
OSF Interrupt Management primitives (DISABLE, 
ENTER INTERRUPT, EXIT INTERRUPT, GET LEVEL, 
SIGNAL INTERRUPT) and basic CPU instructions 
can be used, other OSP primitives cannot be. The 
INTERRUPT TASK approach permits all OSP 
primitives to be issued and masks only lower priority 
interrupts. 

Workflow between an INTERRUPT HANDLER and an 
INTERRUPT TASK assigned to the same level is 
regulated with the SIGNAL INTERRUPT and WAIT 
INTERRUPT primitives. The flow is asynchronous. 
When an INTERRUPT HANDLER signals an INTER- 
RUPT TASK, the INTERRUPT HANDLER becomes 
immediately available to process another interrupt. 
The number of interrupts (specified for the level) the 


INTERRUPT HANDLER can queue for the INTER- 
RUPT TASK can be limited to the value specified in 
the SET INTERRUPT primitive. When the INTER- 
RUPT TASK is finished processing, it issues a WAIT 
INTERRUPT primitive, and is immediately ready to 
process the queue of interrupts that the INTERRUPT 
HANDLER has built with repeated SIGNAL INTER- 
RUPT primitives while the INTERRUPT TASK was 
processing. If there were no interrupts at the level, 
the queue is empty and the INTERRUPT TASK is 
SUSPENDED. See the Example (Figure 5) and Fig- 
ures 6 and 7. 

OSP external INTERRUPT LEVELS are directly 
related to internal TASK scheduling priorities. The 
OSP maintains a single list of priorities including 
both tasks and INTERRUPT LEVELS. The priority of 
the executing TASK automatically determines which 
interrupts are masked. Interrupts are managed by 
INTERRUPT LEVEL number. The OSP supports eight 
levels directly and may be extended by means of 
slave 8259As to a total of 57. 

The nine Interrupt Management OSP primitives are: 

DISABLE Disables an external INTER- 

RUPT LEVEL. 

ENABLE Enables an external INTER- 

RUPT LEVEL. 

ENTER INTERRUPT Gives an Interrupt Handler 
its own data segment, sepa- 
rate from the data segment 
of the interrupted task. 

EXIT INTERRUPT Performs an “END of INTER- 
RUPT” operation. Used by 
an INTERRUPT HANDLER 
which does not invoke an IN- 
TERRUPT TASK. Reenables 
interrupts, when the INTER- 
RUPT HANDLER gives up 
control. 

GET LEVEL Returns the interrupt level 

number of the executing IN- 
TERRUPT HANDLER. 

RESET INTERRUPT Cancels the previous as- 
signment made to an 
interrupt level by SET IN- 
TERRUPT primitive request. 
If an INTERRUPT TASK has 
been assigned, it is also 
deleted. The interrupt level 
is disabled. 

SET INTERRUPT Assigns an INTERRUPT 

HANDLER to an interrupt 
level and, optionally, an IN- 
TERRUPT TASK. 
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/* CODE. EXAMPLE A INTERRUPT TASK TO KEEP TRACK OF TIME-OF-DAY 
DECLARE SECONDSCOUNT BYTE, 

MINUTESCOUNT BYTE, 

HOURSSCOUNT BYTE; 

TIMESTASK: PROCEDURE; 

DECLARE TIME$EXCEPT$CODE WORD; 

AC$CYCLE$COUNT =0; 

CALL RQ$SET$INTERRUPT(AC$INTERRUPT$LEVEL, 01 H), 
@AC$HANDLER,0,@TIME$EXCEPT$CODE); 

CALL RQ$RESUME$TASK(INIT$TASK$TOKEN,@TIME$EXCEPT$CODE); 

DO HOURSCOUNT =0 TO 23; 

DO MINUTESCOUNT=0 TO 59; 

DO SECONDSCOUNT =0 TO 59; 

CALL RQ$WAIT$INTERRUPT(AC$INTERRUPT$LEVEL, 
@TIME$EXCEPT$CODE); 

IF SECONDSCOUNT MOD 5=0 

THEN CALL PROTECTED$CRT$OUT(BEL); 

END; /* SECOND LOOP 7 
END; /* MINUTE LOOP 7 
END; /* HOUR LOOP 7 

CALL RQ$RESET$INTERRUPT(AC$INTERRUPT$ LEVEL, @TIME$EXCEPT$CODE); 
END TIMESTASK; 

/* CODE EXAMPLE B INTERRUPT HANDLER TO SUBDIVIDE A.C. SIGNAL BY 60. 7 
DECLARE ACSCYCLESCOUNT BYTE; 

ACSHANDLER: PROCEDURE INTERRUPT 59; 

DECLARE ACSEXCEPTSCODE WORD; 

ACSCYCLE$COUNT= ACSCYCLESCOUNT +1 ; 

IF AC$CYCLE$COUNT>=60 THEN DO; 

ACSCYCLE$COUNT=0; 

CALL RQ$SIGNAL$INTERRUPT(AC$INTERRUPT$LEVEL,@ ACSEXCEPTSCODE); 
END; 

END ACSHANDLER; 


Figure 5. OSP Examples 



Figure 6. Interrupt Handling Flowchart 
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Figure 7. Multiple Buffer Example 


SIGNAL INTERRUPT Used by an INTERRUPT 
HANDLER to activate an In- 
terrupt Task. 

WAIT INTERRUPT Suspends the calling Inter- 
rupt Task until the INTER- 
RUPT HANDLER performs a 
SIGNAL INTERRUPT to in- 
voke it. If a SIGNAL INTER- 
RUPT for the task has 
occurred, it is processed. 


FREE MEMORY MANAGEMENT 

The OSP Free Memory Manager manages the 
memory pool which is allocated to each JOB for its 
execution needs. (The CREATE JOB primitive al- 
locates the new JOB’S memory pool from the 
memory pool of the parent JOB.) The memory pool is 
part of the JOB resources but is not yet allocated 
between the tasks of the JOB. When a TASK, MAIL- 
BOX, or REGION system data type structure is 
created within that JOB, the OSP implicitly allocates 
memory for it from the JOB’S memory pool, so that a 
separate call to allocate memory is not required. OSP 
primitives that use free memory management im- 
plicitly include CREATE JOB, CREATE TASK, 
DELETE TASK, CREATE MAILBOX, DELETE MAIL- 
BOX, CREATE REGION, and DELETE REGION The 


CREATE SEGMENT primitive explicitly allocates a 
memory area when one is needed by the TASK. For 
example, a TASK may explicitly allocate a SEGMENT 
for use as a memory buffer. The SEGMENT length 
can be any multiple of 16 bytes between 16 bytes and 
64K bytes in length. The programmer may specify 
any number of bytes from 1 byte to 64 KB, the OSP 
will transparently round the value up to the appropri- 
ate segment size. 

The two explicit memory allocation/deallocation 
primitives are: 

CREATE SEGMENT Allocates a SEGMENTof spe- 
cified length (in 16-byte-long 
paragraphs) from the JOB 
Memory Pool. 

DELETE SEGMENT Deallocates the SEGMENT’S 
memory area, and returns it 
to the JOB memory pool. 

Intertask Communication 

The OSP has built-in intertask synchronization and 
communication, permitting TASKs to pass and share 
information with each other. OSP MAILBOXes con- 
tain controlled handshaking facilities which guaran- 
tee that a complete message will always be sent from 
a sending TASK to a receiving TASK. Each MAILBOX 
consists of two interlocked queues, one of TASKs 
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and the other of Messages. Four OSP primitives for 
intertask synchronization and communication are 
provided: 


CREATE MAILBOX 
DELETE MAILBOX 
RECEIVE MESSAGE 
SEND MESSAGE 


Creates intertask message 
exchange. 

Deletes an intertask mes- 
sage exchange. 

Calling TASK receives a mes- 
sage from the MAILBOX. 

Calling TASK sends a 
message to the MAILBOX. 


The CREATE MAILBOX primitive allocates a MAIL- 
BOX for use as an information exchange between 
TASKs. The OSP will post information at the MAIL- 
BOX in a FIFO (First-In First-Out) manner when a 
SEND MESSAGE instruction is issued. Similarily, a 
message is retrieved by the OSP if a TASK issues a 
RECEIVE MESSAGE primitive. The TASK which 
creates the MAILBOX may make it available to other 
TASKs to use. 


If no message is available, the TASK attempting to 
receive a message may choose to wait for one or 
continue executing. 

The queue management method for the task queue 
(FIFO or PRIORITY) determines which TASK in the 
MAILBOX TASK queue will receive a message from 
the MAILBOX. The method is specified in the 
CREATE MAILBOX primitive. 


Intertask Synchronization and Mutual 
Exclusion 

Mutual exclusion is essential to multiprogramming 
and multiprocessing systems. The REGION system 
datatype implements mutual exclusion. A REGION is 
represented by a queue of TASKS waiting to use a 
resource which must be accessed by only one TASK 
at a time. The OSP provides primitives to use 
REGIONS to manage mutually exclusive data and 
resources. Both critical code sections and shared 
data structures can be protected by these primitives 
from simultaneous use by more than one task. 
REGIONS support both FIFO (First-In First-Out) or 
Priority queueing disciplines for the TASKS seeking 
to enter the REGION. The REGION SDT can also be 
used to implement software locks. 


There are five OSP primitives for mutual exclusion: 


CREATE REGION 
SEND CONTROL 
ACCEPT CONTROL 

RECEIVE CONTROL 

DELETE REGION 


Create a REGION (lock). 

Give up the REGION. 

Request the REGION, but do 
not wait if it is not available. 

Request a REGION, wait if 
not immediately available. 

Delete a REGION. 


The OSP also provides dynamic priority adjustment 
for TASKs within priority REGIONS: If a higher- 
priority TASK issues a RECEIVE CONTROL primitive, 
while a (lower-priority) TASK has the use of the same 
REGION, the lower-priority TASK will be trans- 
parently, and temporarily, elevated to the waiting 
TASK’S priority until it relinquishes the REGION via 
SEND CONTROL. At that point, since it is no longer 
using the critical resource, the TASK will have its 
normal priority restored. 


OSP Control Facilities 

The OSP also includes system primitives that provide 
both control and customization capabilities to a mul- 
titasking system. These primitives are used to control 
the deletion of SDTs and the recovery of free memory 
in a system, to allow interrogation of operating sys- 
tem status, and to provide uniform means of adding 
user SDTs and type managers. 

DELETION CONTROL 

Deletion of each OSP system data type is explicitly 
controlled by the applications programmer by set- 
ting a deletion attribute for that structure. For exam- 
ple, if a SEGMENT is to be kept in memory until DMA 
activity is completed, its deletion attribute should be 
disabled. Each TASK, MAILBOX, REGION, and SEG- 
MENT SDT is created with its deletion attribute en- 
abled (i.e., they may be deleted). Two OSP primitives 
control the deletion attribute: ENABLE DELETION 
and DISABLE DELETION. 

ENVIRONMENTAL CONTROL 

The OSP provides inquiry and control operations 
which help the user interrogate the application envi- 
ronment and implement flexible exception handling. 
These features aid in run-time decision making and 
in application error processing and recovery. There 
are five OSP environmental control primitives. 


Multiple REGIONS are allowed, and are automatically 
exited in the reverse order of entry. While in a 
REGION, a TASK cannot be suspended by itself or 
any other TASK, and thereby avoids deadlock. 


OS EXTENSIONS 

The OSP architecture is defined to allow new user- 
defined System Data Types and the primitives to ma- 
nipulate them to be added to OSP capabilities 
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provided by the built-in System Data Types. The type 
managers created for the user-defined SDTs are 
called user OS extensions and are installed in the 
system by the SET OS EXTENSION primitive. Once 
installed, the functions of the type manager may be 
invoked with user primitives conforming to the OSP 
interface. For well-structured extended architec- 
tures, each OS extension should support a separate 
user-defined system data type, and every OS exten- 
sion should provide the same calling sequence and 
program interface for the user as is provided for a 
built-in SDT. The type manager for the extension 
would be written to suit the needs of the application. 
OSP interrupt vector entries (224-255) are reserved 
for user OS extensions and are not used by the OSP 
After assigning an interrupt number to the extension, 
the extension user may then call it with the standard 
OSP call sequence (Figure 4), and the unique 
software interrupt number assigned to the 
extension. 


ENABLE DELETION Allows a specific SEGMENT, 
TASK, MAILBOX, or REGION 
SDT to be deleted. 

DISABLE DELETION Prevents a specific SEG- 
MENT, TASK, MAILBOX, or 
REGION SDT from being 
deleted. 


GET TYPE Given a token for an in- 

stance of a system data type, 
returns the type code. 

GET TASK TOKENS Returns to the caller infor- 
mation about the current 
task environment. 


GET EXCEPTION 
HANDLER 


SET EXCEPTION 
HANDLER 


Returns information about 
the calling TASK’S current in- 
formation handler: its ad- 
dress, and when it is used. 

Provides the address and 
usage of an exception 
handler for a TASK. 


SET OS EXTENSION Modifies one of the interrupt 
vector entries reserved for 
OS extensions (224-255) to 
point to a user OS extension 
procedure. 

SIGNAL EXCEPTION For use in OS extension er- 
ror processing. 


allow the OSP primitives jto report parameter errors 
in primitive calls, and errors in primitive usage. Ex- 
ception handling procedures are flexible and can be 
individually programmed by the application. In gen- 
eral, an exception handler if called will perform one 
or more of the following functions: 

— Log the Error. 

— Delete/Suspend the Task that caused the 
exception. 

—Ignore the error, presumably because it is not 
serious. 

An EXCEPTION HANDLER is written as a procedure. 
If PLM/86 is used, the “compact,” “medium” or 
“large” model of computation should be specified for 
the compilation of the program. The mode in which 
the EXCEPTION HANDLER operates may be speci- 
fied in the SET EXCEPTION HANDLER primitive. The 
return information from a primitive call is shown in 
Figure 4. CX is used to return standard system error 
conditions. Table 7 shows a list of these conditions, 
using the default EXCEPTION HANDLER of the OSP. 


HARDWARE DESCRIPTION 

The 80130 operates in a closely coupled mode with 
the iAPX 86/10 or 88/10 CPU. The 80130 resides on 
the CPU local multiplexed bus (Figure 8). The main 
processor is always configured for maximum mode 
operation. The 80130 automatically selects between 
its 88/30 and 86/30 operating modes. 

The 80130 used in the 86/30 configuration, as shown 
in Figure 8 (or a similar 88/30 configuration), 
operates at both 5 and 8 MHz without requiring pro- 
cessor wait states. Wait state memories are fully sup- 
ported, however. The 80130 may be configured with 
both an 8087 NPX and an 8089 IOP, and provides 
full context control over the 8087. 

The 80130 (shown in Figure 3) is internally divided 
into a control unit (CU) and operating system unit 
(OSU). The OSU contains facilities for OSP kernel 
support including the system timers for scheduling 
and timing waits, and the interrupt controller for 
interrupt management support. 

iAPX 86/30, iAPX 88/30 System 
Configuration 


EXCEPTION HANDLING 

The OSP supports exception handlers. These are 
similar to CPU exception handlers such as OVER- 
FLOW and ILLEGAL OPERATION. Their purpose is to 


The 80130 is both I/O and memory mapped to the 
local CPU bus. The CPU’s status S0/-S2/ is 
decoded along with IOCS / (with BHE and AD 3 - 
AD 0 ) or MEMCS / (with AD 13 -AD 0 ). The pins are 
internally latched. See Table 1 for the decoding of 
these lines. 
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Memory Mapping 

Address lines A 19 -A 14 can be used to form MEMCS/ 
since the 80130’s memory-mapped portion is aligned 
along a 16K-byte boundry. The 80130 can reside on 
any 16K-byte boundry excluding the highest 
(FC000H-FFFFFH) and lowest (00000H-003FFH).The 
80130 control store code is position-independent ex- 
cept as limited above, in order to make it compatible 
with many decoding logic designs. AD 13 -AD 0 are 
decoded by the 80130’s kernel control store. 

I/O Mapping 

The l/O-mapped portion of the 80130 must be aligned 
along a 16-byte boundry. Address lines A 15 -A 4 
should be used to form IOCS/. 

System Performance 

The approximate performance of representitive OSP 
primitives is given in Table 5. These times are shown 
for a typical iAPX 86/30 implementation with an 8 
MHz clock. These execution times are very compara- 
ble to the execution times of similar functions in 
minicomputers (where available) and are an order of 
magnitude faster than previous generation 
microprocessors. 

Initialization 

Both application system initialization and OSP- 
specific initialization/configuration are required to 
use the OSP. Configuration is based on a “database” 
provided by the user to the iOSP 86 support package. 
The OSP-specific initialization and configuration in- 
formation area is assigned to a user memory address 
adjacent to the 80130’s memory-mapped location. 
(See Application Note 130 for further details.) The 
configuration data defines whether 8087 support is 
configured in the system, specifies if slave 8259A 
interrupt controllers are used in addition to the 
80130, and sets the operating system time base (Tick 
Interval). Also located in the configuration area are 
the exception handler control parameters, the ad- 
dress location of the (separate) application system 
configuration area and the OSP extensions in use. 
The OSP application system configuration area may 
be located anywhere in the user memory and must 
include the starting address of the application in- 
struction code to be executed, plus the locations of 
the RAM memory blocks to be managed by the OSP 
free memory manager. Complete application system 
support and the required 80130 configuration sup- 
port are provided by the iAPX 86/30 and iAPX 88/30 
OPERATING SYSTEM PROCESSOR SUPPORT 
PACKAGE (iOSP 86). 


RAM Requirements 

The OSP manages its own interrupt vector, which is 
assigned to low RAM memory. Working RAM storage 
is required as stack space and data area. The 
memory space must be allocated in user RAM. 

OSP interrupt vector memory locations 0H-3FFH 
must be RAM based. The OSP requires 2 bytes of 
allocated RAM. The processor working storage is 
dynamically allocated from free memory. Approxi- 
mately 300 bytes of stack should be allocated for 
each OSP task. 


TYPICAL SYSTEM CONFIGURATION 

Figure 8 show,s the processing cluster of a “typical” 
iAPX 86/30 or iAPX 88/30 OSP system. Not shown are 
subsystems likely to vary with the application. The 
configuration includes an 8086 (or 8088) operating in 
maximum mode, an 8284A clock generator and an 
8288 system controller. Note that the 80130 is located 
on the CPU side of any latches or transceivers. See 
Intel Application Note 130 for further details on 
configuration. 

OSP Timers 

The OSP Timers are connected to the lower half of 
the data bus and are addressed at even addresses. 
The timers are read as two successive bytes, always 
LSB followed by MSB. The MSB is always latched on 
a read operation and remains latched until read. 
Timers are not gatable. 

Baud Rate Generator 

The baud rate generator is 8254 compatible (square 
wave mode 3). Its output, BAUD, is initially high and 
remains high until the Count Register is loaded. The 
first falling edge of the clock after the Count Register 
is loaded causes the transfer of the internal counter 
to the Count Register. The output stays high for N/2 
[(N+1)/2 if N is odd] and then goes low for N/2 
[(N — 1 )/2 if N is odd]. On the falling edge of the clock 
which signifies the final count for the output in low 
state, the output returns to high state and the Count 
Register is transferred to the internal counter. The 
whole process is then repeated. Baud Rates are 
shown in Table 6. 

The baud rate generator is located at 0CH (12), rela- 
tive to the 16-byte boundary in the I/O space in which 
the 80130 component is located (“OSF” in the follow- 
ing example), the timer control word is located at 
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Figure 8. Typical OSP Configuration 


relative address, 0EH(14). Timers are addressed with 
IOCS=0. Timers 0 and 1 are assigned to the use by 
the OSP, and should not be altered by the user. 


For most baud-rate generator applications, the com- 
mand byte 

0B6H Read/Write Baud-Rate Delay Value 

will be used. A typical sequence to set a baud rate 
of 9600 using a count value of 52 follows (see 
Table 6): 


MOV AX, 0B6H ; Prepare to Write Delay to 
Timer 3. 

OUT OSF+14.AX ;Control Word. 

MOV AX, 52 

OUT OSF+12,AL ;LSB written first 
XCHG AL,AH 

OUT OSF+12,AL ;MSB written after. 


The 80130 timers are subset compatible with 8254 
timers. 


Interrupt Controller 

The Programmable Interrupt Controller (PIC), is also 
an integral unit of the 80130. Its eight input pins 
handle eight vectored priority interrupts. One of 
these pins must be used for the SYSTICK time func- 
tion in timing waits, using an external connection as 
shown. During the 801 30 initialization and configura- 
tion sequence, each 80130 interrupt pin is individu- 
ally programmed as either level or edge sensitive. 
External slave 8259A interrupt controllers can be 
used to expand the total number of OSP external 
interrupts to 57. 

In addition to standard PIC.funtions, 80130 PIC unit 
has an LIR output signal, which when low indicates 
an interrupt acknowledge cycle. LIR =0 is p rovided to 
control the 8289 Bus Arbiter SYSB/RESB pin. This 
will avoid the need of requesting the system bus to 
acknowledge local bus non-slave interrupts. The 
user defines the interrupt system as part of the 
configuration. 
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INTERRUPT SEQUENCE 

The OSP interrupt sequence is as follows: 

1. One or more of the interrupts is set by a low-to- 
high transition on edge-sensitive IR inputs or by a 
high input on level-sensitive IR inputs. 

2. The 80130 evaluates these requests, and sends an 
INT to the CPU, if appropriate. 

3. The CPU acknowledges the INT and responds 
with an interrupt acknowledge cycle which is en- 
coded in S 2 -S 0 . 

4. Upon receiving the first interrupt acknowledge 
from the CPU, the highest-priority interrupt is set 
by the 80130 and the corresponding edge detect 
latch is reset. The 80130 does not drive the ad- 
dress/data bus during this bus cy cle b ut does 
acknowledge Jhe cycle by making ACK=0 and 
sending the LIR value for the IR input being 
acknowledged. 

5. The CPU will then initiate a second interrupt ac- 
knowledge cycle. During this cycle, the 80130 will 
supply the cascade address of the interrupting 
input at T-| on the bus and also release an 8-bit 
pointer onto the bus if appropriate, where it is 
read by the CPU. If the 80130 does supply the 
pointer, then ACK will be lo w for the cycle. This 
cycle also has the value LIR for the IR input being 
acknowledged. 

6. This completes the interrupt cycle. The ISR bit 
remains set until an appropriate EXIT INTERRUPT 
primitive (EOI command) is called at the end of 
the Interrupt Handler. 


OSP APPLICATION EXAMPLE 

Figure 5 shows an application of the OSP primitives 
to keep track of time of day in a simplified example. 
The system design uses a 60 Hz A.C. signal as a time 
base. The power supply provides a TTL-compatible 


signal which drives one of 80130 edge-triggered in- 
terrupt request pins once each A.C. cycle. The Inter- 
rupt Handler responds to the interrupts, keeping 
track of one second’s A.C. cycles. The Interrupt Task 
counts the seconds and after a day deletes itself. In 
typical systems it might perform a data logging oper- 
ation once each day. The Interrupt Handler and Inter- 
rupt Task are written as separate modular programs. 

The Interrupt Handler will actually service interrupt 
59 when it occurs. It simply counts each interrupt, 
and at a count of 60 performs a SIGNAL INTERRUPT 
to notify the Interrupt Task that a second has elapsed. 
The Interrupt Handler (ACS HANDLER) was assigned 
to this level by the SET INTERRUPT primitive. After 
doing this, the Interrupt Task performed the Primitive 
RESUME TASK to resume the application task (INITS 
TASKS TOKEN). 

The main body of the task is the counting loop. The 
Interrupt Task is signaled by the SIGNAL INTERRUPT 
primitive in the Interrupt Handler (at interrupt level 
ACS INTERRUPTS LEVEL). When the task is sig- 
nalled by the Interrupt Handler it will execute the 
loop exactly one time, increasing the time count 
variables. Then it will execute the WAIT INTERRUPT 
primitive, and wait until awakened by the Interrupt 
Handler. Normally, the task will now wait some period 
of time for the next signal. However, since the inter- 
face between the Handler and the Task is asyn- 
chronous, the handler may have already queued the 
interrupt for servicing, the writer of the task does not 
have to worry about this possibility. 

At the end of the day, the task will exit the loop and 
execute RESET INTERRUPT, which disables the in- 
terrupt level, and deletes the interrupt task. The OSP 
now reclaims the memory used by the Task and 
schedules another task. If an exception occurs, the 
coded value for the exception is available in TIMES 
EXCEPTS CODE after the execution of the primitive. 

A typical PL/M-86 calling sequence is illustrated by 
the call to RESET INTERRUPT shown in Figure 5. 
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Table 2. OSP System Data Type Summary 


Job 

Jobs are the means of organizing the program environment and resources. An application consists of 
one or more jobs. Each i APX 86/30 system data type is contai ned in some job. Jobs are independent of 
each other, but they may share access to resources. Each job has one or more tasks, one of which is an 
initial task. Jobs are given pools of memory, and they may create subordinate offspring jobs, which 
may borrow memory from their parents. 

Task 

Tasks are the means by which computations are accomplished. A task is an instruction stream with its 
own execution stack and private data. Each task is part of a job and is restricted to the resources 
provided by its job. Tasks may perform general interrupt handling as well as other computational 
functions. Each task has a set of attributes, which is maintained for it by the iAPX 86/30, which 
characterize its status. These attributes are: 

its containing job 
its register context 
its priorityi(0-255) 

its execution state (asleep, suspended, ready, running, asleep/suspended). 

its suspension depth 

its user-selected exception handler 

its optional 8087 extended task state 

Segment 

Segments are the units of memory allocation. A segment is a physically contiguous sequence of 
16-byte, 8086 paragraph-length, units. Segments are created dynamically from the free memory 
space of a Job as one of its Tasks requests memory for its use. A segment is deleted when it is no longer 
needed. The iAPX 86/30 maintains and manages free memory in an orderly fashion, it obtains memory 
space from the pool assigned to the containing job of the requesting task and returns the space to the 
job memory pool (or the parent job pool) when it is no longer needed. It does not allocate memory to 
create a segment if sufficient free memory is not available to it, in that case it returns an error 
exception code. ' 

Mailbox 

Mailboxes are the means of intertask communication. Mailboxes are used by tasks to send and 
receive message segments. The iAPX 86/30 creates and manages two queues for each mailbox. One 
of these queues contains message segments sent to the mailbox but not yet received by any task. The 
other mailbox queue consists of tasks that are waiting to receive messages. The iAPX 86/30 operation 
assures that waiting tasks receive messages as soon as messages are available. Thus at any moment 
one or possibly both of two mailbox queues will be empty. 

Region 

Regions are the means of serialization and mutual exclusion. Regions are familiar as “critical code 
regions.” The iAPX 86/30 region data type consists of a queue of tasks. Each task waits to execute in 
mutually exclusive code or to access a shared data region, for example to update a file record. 

Tokens 

The OSP interface makes use of a 16-bit TOKEN datatype to identify individual OSF data structures. 
Each of these (each instance) has its own unique TOKEN. When a primitive is called, it is passed the 
TOKENS of the data structures on which it will operate. 
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Table 3. System Data Type Codes and Attributes 


S.D.T. 

Code 

Attributes 

Jobs 

i 

Tasks 

Memory Pool 
S.D.T. Directory 

Tasks 

2 

- Priority 
Stack, 

Code 

State 

Exception Handler 

Mailboxes 

3 

Queue of S.D.T.s 
(generally segments) 
Queue of Tasks 
waiting for S.D.T.s 

Region 

5 

Queue of Tasks 
waiting for mutually 
exclusive code or 
data 

Segments 

6 

Buffer 

Length 


Table 4. OSP Primitives 


Class 

OSP 

Interrupt 

Entry Code 

Parameters 

Primitive 

Number 

in AX 

On Caller’s Stack 

J 

0 

B 

CREATE JOB 

184 

0100H 

*See 80130 User Manual 


CREATE TASK 

184 

0200H 

Priority, IP Ptr, Data Segment, Stack 
Seg, Stack Size Task Information, 

T 




ExcptPtr 

A 

DELETE TASK 

184 

0201 H 

TASK, ExcptPtr 

S 

SUSPEND TASK 

184 

0202H 

TASK, ExcptPtr 

K 

RESUME TASK 

184 

0203H 

TASK, ExcptPtr 


SET PRIORITY 

184 

0209H 

TASK, Priority, ExcptPtr 


SLEEP 

184 

0204 H 

time Limit, ExcptPtr 


DISABLE 

190 

0705H 

Level, ExcptPtr 

1 

ENABLE 

184 

0704 H 

Level #, ExcptPtr 

N 

ENTER INTERRUPT 

184 

0703 H 

Level #, ExcptPtr 

T 

EXIT INTERRUPT 

186 

NONE 

Level #, ExcptPtr 

E 

GET LEVEL 

188 

0702H 

Level #, ExcptPtr 

R 

RESET INTERRUPT 

184 

0706H 

Level #, ExcptPtr 

R 

SET INTERRUPT 

184 

0701 H 

Level, Interrupt Task Flag Interrupt 

U 




Handler Ptr, Interrupt Handler DataSeg 

P 




ExcptPtr 

T 

SIGNAL INTERRUPT 

185 

NONE 

Level, ExcptPtr 


WAIT INTERRUPT 

187 

NONE 

Level, ExcptPtr 

S 

E 

G 

CREATE SEGMENT 

184 

0600H 

Size, ExcptPtr 

M 

E 

N 

T 

DELETE SEGMENT 

184 

0603H 

SEGMENT, ExceptPtr 
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Table 4. OS P Primitives (Continued) 


Class 

OSP 

Interrupt 

Entry Code 

Parameters 

Primitive 

Number 

in AX 

On Caller’s Stack 

M 

CREATE MAILBOX 

184 

0300H 

Mailbox flags, ExcptPtr 

A 

DELETE MAILBOX 

184 

0301 H 

MAILBOX, ExcptPtr 

1 

L 

B 

O 

X 

RECEIVE MESSAGE 

184 

0303 H 

MAILBOX, Time Limit ResponsePtr, 
ExcptPtr 

SEND MESSAGE 

184 

0302H 

MAILBOX, Message Response, ExcptPtr 

R 

ACCEPT CONTROL 

184 

0504 H 

REGION, ExcptPtr 

E 

CREATE REGION 

184 

0500H 

Region Flags, ExcptPtr 

G 

DELETE REGION 

184 

0501 H 

REGION, ExcptPtr 

1 

RECEIVE CONTROL 

184 

0503H 

REGION, ExcptPtr 

O 

N 

SEND CONTROL 

184 

0502H 

ExcptPtr 

E 

N 

y 

DISABLE DELETION 

184 

0001 H 

TOKEN, ExcptPtr 

ENABLE DELETION 

184 

0002H 

TOKEN, ExcptPtr 

| 

GET EXCEPTION 




R 

HANDLER 

184 

0800H 

Ptr, ExcptPtr 

O 

GET TYPE 

184 

0000H 

TOKEN, ExcptPtr 

N 

GET TASK TOKENS 

184 

0206H 

Request, ExcptPtr 

M 

SET EXCEPTION 



' 

E 

HANDLER 

184 

0801 H 

Ptr, ExcptPtr 

N 

SET OS EXTENSION 

184 

0700H 

Code,lnstPtr, ExcptPtr 

T 

SIGNAL 




A 

EXCEPTION 

184 

0802H 

Exception Code, Parameter Number, 

L 




StackPtr, 0,0, ExcptPtr 


NOTES: 

All parameters are pushed onto the OSP stack. Each parameter is one word. See Figure 3 for Call Sequence. 


Explanation of the Symbols 


JOB 

OSP JOB SDT Token 

TASK 

OSP TASK SDT Token 

REGION 

OSP REGION SDT Token 

MAILBOX 

OSP MAILBOX SDT Token 

SEGMENT 

OSP SEGMENT SDT Token 

TOKEN 

Any SDT Token 

Level 

Interrupt Level Number 

ExcptPtr 

Pointer to Exception Code 

Message 

Message Token 

Ptr 

Pointer to Code, Stack etc. Address 

Seg 

Value Loaded into appropriate Segment Register 

— 

Value Parameter. 
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Table 5. OSP Primitive Performance Examples 


Datatype Class 

Primitive Execution Speed* 
(microseconds) 

JOB 

CREATE JOB 

2950 

TASK 

CREATE TASK (no preemption) 

1360 

SEGMENT 

CREATE SEGMENT 

700 

MAILBOX 

SEND MESSAGE (with task switch) 

475 


SEND MESSAGE (no task switch) 

265 


RECEIVE MESSAGE (task waiting) 

540 


RECEIVE MESSAGE (message waiting) 

260 

REGION 

SEND CONTROL 

170 


RECEIVE CONTROL 

205 


*8 MHz iAPX 86/30 OSP Configuation. 


Table 6. Baud Rate Count Values (16X) 


Baud 

Rate 

8 MHz Count 
Value 

5 MHz Count 
Value 

300 

1667 

1042 

600 

833 

521 

1200 

417 

260 

2400 

208 

130 

4800 

104 

65 

9600 

52 

33 
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Table 7a. Mnemonic Codes for Unavoidable Exceptions 


E$OK 

Exception Code Value = 0 
the operation was successful 

E$TIME 

Exception Code Value = 1 

the specified time limit expired before completion of the operations was possible 

E$MEM 

Exception Code Value = 2 

insufficient nucleus memory is available to satisfy the request 

E$BUSY 

Exception Code Value = 3 
specified region is currently busy 

E$LIMIT 

Exception Code Value = 4 

attempted violation of a job, semaphore, or system limit 

E$CONTEXT 

Exception Code Value = 5 

the primitive was called in an illegal context (e.g., call to enable for an already enabled 
interrupt) 

E$EXIST 

Exception Code Value = 6 

a token argument does not currently refer to any object; note that the object could have 
been deleted at any time by its owner 

E$STATE 

Exception Code Value = 7 

attempted illegal state transition by a task 

E$NOT$CON FIGURED 

Exception Code Value = 8 

the primitive called is not configured in this system 

E$INTERRUPT$SATURATION 

Exception Code Value = 9 

The interrupt task on the requested level has reached its user specified saturation point 
for interrupt service requests. No further interrupts will be allowed on the level until the 
interrupt task executes a WAIT$INTERRUPT. (This error is only returned, in line, to 
interrupt handlers.) 

E$INTERRUPT$OVERFLOW 

Exception Code Value = 10 

The interrupt task on the requested level previously reached its saturation point and 
caused an E$INTERRUPT$SATURATION condition. It subsequently executed an 
ENABLE allowing further interrupts to come in and has received another SIG- 
NAL$INTERRUPTcall, bringing it over its specified saturation point for interrupt service 
requests. (This error is only returned, in line, to interrupt handlers). 


Table 7b. Mnemonic Codes for Avoidable Exceptions 


E$ZERO$DIVIDE 

Exception Code Value = 8000H 
divide by zero interrupt occurred 

E$OVERFLOW 

Exception Code Value = 8001 H 
overflow interrupt occurred 

E$TYPE 

Exception Code Value = 8002H 

a token argument referred to an object tha was not of required type 

ESBOUNDS 

Exception Code Value = 8003H 

an offset argument is out of segment bounds 

ESPARAM 

Exception Code Value = 8004H 
a (non-token, non-offset) argument has an illegal value 

E$BAD$CALL 

Exception Code Value = 8005H 

an entry code for which there is no corresponding primitive was passed 

E$ARRAY$BOUNDS = 8006H 

Hardware or Language has detected an array overflow 

E$NDP$ERROR 

Exception Code Value = 8007H 

an 8087 (Numeric data Processor) error has been detected; (the 8087 status information 
is contained in a parameter to the exception handler) 
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ABSOLUTE MAXIMUM RATINGS* 


Ambient Temperature Under Bins 0°C to 70°C 

Storage Temperature -65°C to 150°C 

Voltage on Any Pin With 

Respect to Ground - 1 .0V to +7V 

Power Dissipation 1.0 Watts 


* NOTICE : Stresses above those listed under Absolute 
Maximum Ratings may cause permanent damage to the 
device. This is a stress rating only and functional operation 
of the device at these or any other conditions above those 
indicated in the operational sections of this specification 
is not implied. Exposure to absolute maximum rating con- 
ditions for extended period may affect device reliability. 


D.C. CHARACTERISTICS (t a = o°c to 70°c, v cc = 4.5 to 5.5V) 


Symbol 

Parameter 

Min. 

Max. 

Units 

Test Conditions 

V,L ' 

Input Low Voltage 

-0.5 

0.8 

V 


V, H 

Input High Voltage 

2.0 

Vcc + -5 

V 


VOL 

Output Low Voltage 


0.45 

V 

l 0L = 2mA 

V OH 

Output High Voltage 

2.4 


V 

Ioh = -400/iA 

•cc 

Power Supply Current 


200 

mA 

T A = 25 C 

'Ll 

Input Leakage Current 


10 

jiA 

> 8 

V 
z 

> 

V 
o 

*LR 

IR Input Load Current 


10 

nA 

V|N = V cc 




-300 

M A 

V,N = 0 

>LO 

Output Leakage Current 


10 

mA 

> 8 

II 

z 

> 

II 

in 

VCLI 

Clock Input Low 


0.6 

V 


VCHI 

Clock Input High 

3.9 


V 


C,N 

Input Capacitance 


10 

PF 


Cio 

I/O Capacitance 


15 

PF 


•CLI 

Clock Input Leakage Current 


10 

juA 

V| N - V cc 




150 

mA 

Vin - 2.5V 




10 

mA 

> 

o 

II 

z 

> 


A.C. CHARACTERISTICS (T a = 0-70°C, V cc = 4.5-5.5 Volt, V ss = Ground) 
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Symbol 

Parameter 

Min. 

Max. 

Min. 

Max. 

Units 

Test Conditions 

t clcl 

CLK Cycle Period 

200 

- 

125 

- 

ns 


t clch 

CLK Low Time 

90 

- 

55 

- 

ns 


t chcl 

CLK High Time 

69 

2000 

44 

2000 

ns 


t svch 

Status Active Setup Time 

80 

- 

65 

- 

ns 


Tchsv 

Status Inactive Hold Time 

10 

- 

10 

- 

ns 


Tshcl 

Status Inactive Setup Time 

55 

- 

55 

- 

ns 


t clsh 

Status Active Hold Time 

10 

- 

10 

- 

ns 


Tasch 

Address Valid Setup Time 

8 

- 

8 

- 

ns 


t clah 

Address Hold Time 

10 

- 

10 

- 

ns 


t cscl 

Chip Select Setup Time 

20 

- 

20 

- 

ns 


t chcs 

Chip Select Hold Time 

0 

- 

0 

- 

ns 


t dscl 

Write Data Setup Time 

80 

- 

60 

- 

ns 


t chdh 

Write Data Hold Time 

10 

- 

10 

- 

ns 


TjlJH 

IR Low Time 

100 

- 

100 

- 

ns 


t cldv 

Read Data Valid Delay 

- 

140 

- 

105 

ns 

C L = 200 pE 

t cldh 

Read Data Hold Time 

10 

- 

10 

- 

ns 


t cldx 

Read Data to Floating 

10 

100 

10 

100 

ns 


Tclca 

Cascade Address Delay Time 

- 

85 

- 

65 

ns 
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Parameter 

Cascade Addresse Hold Time 
INTA Status t Acknowledge 
Acknowledge Hold Time 
Chip Select to ACK 

Status to ACK 

Address to ACK _ 


t clod 

Timer Output Delay Time 

Tclodi 

Timerl Output Delay Time 

Tjhih 

INT Output Delay 

t ircl 

IR Input Set Up 
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WAVEFORMS 

AC. 



1 CASCADE ADDRESS PRESENTED ON AD8, AD9 AND AD10 CORRESPONDING TO CASO. CAS1 
AND CAS2 RESPECTIVELY A01 1-AD15 UNES ARE ACTIVE AND HAVE UNKNOWN VALUES AD0-AD7 
ARE TRISTATE 

2 POINTER VALUE IS ACTIVE ONLY IF POINTER IS GENERATED FROM THE 80150 AND NOT FROM 
EXTERNAL SLAVE UNIT 

3 ACTIVE LOW ONLY WHEN POINTER DATA IS BEING SUPPLIED BY THE 801 50 

4 LOW ONLY FOR LOCAL INTERRUPT 
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CP/M-86 OPERATING SYSTEM PROCESSORS 


■ High-Performance Two-Chip Data 
Processors Containing the Complete 
CP/M-86 Operating System 

■ Standard On-Chip BIOS (Basic 
Input/Output System) Contains Drivers 
for 8272A, 8274, 8255A, 8251A, 7220 
Bubble Memory Controller 

■ BIOS Extensible with User-Supplied 
Peripheral Drivers 

■ User Intervention Points Allow Addition 
of New System Commands 

The Intel iAPX 86/50, 88/50, 186/50, and 188/50 are two-chip microprocessors offering general-purpose 
CPU instructions combined with the CP/M-86 operating system. Respectively, they consist of the 8- and 
16-bit software compatible 8086, 8088, 80186, and 80188 CPU plus the 80150 CP/M-86 operating system 
extension. 

CP/M-86 is a single-user operating system designed for computers based on the Intel iAPX 86, 88, 186, 
and 188 microprocessors. The system allows full utilization of the one megabyte of memory available for 
application programs. The 80150 stores CP/M-86 in its 16K bytes of on-chip memory. The 80150 will run 
third-party applications software written to run under standard Digital Research CP/M-86. 

The 80150 is implemented in N-Channel, depletion-load, silicon-gate technology (HMOS), and is housed 
in a 40-pin package. Included on the 80150 are the CP/M-86 operating system, Version 1.1, plus hardware 
support for eight interrupts, a system timer, a delay timer, and a baud rate generator. 

‘CP/M-86 is a trademark of Digital Research, Inc 


■ Memory Disk Makes Possible Diskless 
CP/M-86 Systems 

■ No License or Serialization Required 

■ Built-in Operating System Timers and 
Interrupt Controller 

■ 8086/801 50/801 50-2/8088/801 86/801 88 
Compatible At Up To 8 MHz Without 
Wait States 



BAUD RATE DELAY SYSTEM 'APX 86/50, 88/50 

TIMER TIMER TIMER 


Figure 1. iAPX 86/50, 88/50 Block Diagram 


The following are trademarks of Intel Corporation and its affiliates and may be used only to identify Intel products BXP, CREDIT, i, ICE, iCS, 'm, Insite, Intel, INTEL, Intelevision, Intellink, 
Intellec, iMMX, tOSP, iPDS, iRMX, iSBC, iSBX, Library Manager, MCS, MULTIMODULE, Megachassis, Mipromainframe, MULTIBUS, Multichannel, Plug-A-Bubble, PROMPT, Prorhware, 
RUPI, RMX/80, System 2000, UPI, and the combination of iCS, iRMX, iSBC, iSBX, ICE, HCE, MCS, or UPI and a numerical suffix Intel Corporation Assumes No Responsibility for the use 
of Any Circuitry Other Than Circuitry Embodied in an Intel Product No Other Patent Licenses are implied ©INTEL CORPORATION, 1982 SEPTEMBER 1982 
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Table 1. 80150 Pin Description 


Symbol 

Type 

Name and Function 

AD- 15 -AD 0 

I/O 

Address Data: These pins constitute the time multiplexed memory address (Ti) and 
data (J 2 , T 3 , Tyy, T 4 ) bus. These lines are active HIGH. The address presented during 
Ti of a bus cycle will be latched internally and interpreted as an 80150 internal 
address if MEMCS or IOCS is active for the invoked primitives. The 80150 pins float 
whenever it is not chip selected, and drive these pins only during T 2 -T 4 of a read 
cycle and Ti of an INTA cycle. 

bhe/s 7 


Bus High Enable: The 80150 uses the BHE signal from the processor to determine 
whether to respond with data on the upper or lower data pins, or both. The signal is 
active LOW. BHE is latched by the 80150 on the trailing edge of ALE. It controls the 
80150 output data as shown. 

BHE A 0 

0 0 Word on ADi 5 -AD 0 

0 1 Upper byte on AD 15 - ADg 

1 - 0 Lower byte on AD 7 -AD 0 

1 1 Upper byte on AD 7 -ADq 

S 2 . Si , So 

1 

Status: For the 80150, the status pins are used as inputs only. 80150 encoding follows 
S 2 Si Sq 

0 0 0 INTA 

0 0 1 IORD 

0 1 0 IOWR 

0 1 1 Passive 

10 0 Instruction fetch 

1 0 1 MEMRD 

1 1 X Passive 
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Table 1. 80150 Pin Description (Continued) 


Symbol 

Type 

Name and Function 

CLK 

1 

Clock: The system clock provides the basic timing for the processor and bus controller. 
It is asymmetric with a 33% duty cycle to provide optimized internal timing. The 80150 
uses the system clock as an input to the SYSTICK and BAUD timers and to synchronize 
operation with the host CPU 

INT 

0 

Interrupt: INT is HIGH whenever a valid interrupt request is asserted It is normally used 
to interrupt the CPU by connecting it to INTR 

IRy-IRo 

1 

Interrupt Requests: An interrupt request can be generated by raising an IR input (LOW 
to HIGH) and holding it HIGH until it is acknowledged (Edge-Triggered Mode), or just by a 
HIGH level on an IR input (Level-Triggered Mode) 

ACK 

0 

Acknowledge: This line is LOW whenever an 80150 resource is being accessed. It is 
also LOW during the first INTA cycle and second INTA cycle if the 80150 is supplying 
the interrupt vector information. This signal can be used as a bus ready acknowl- 
edgement and/or bus transceiver control. 

MEMCS 

1 

Memory Chip Select: This input must be driven LOW when a kernel primitive is being 
fetched by the CPU AD 13 -AD 0 are used to select the instruction. 

IOCS 

1 

Input/Output Chip Select: When this input is Ibw, during an IORD or IOWR cycle, the 
80150’s kernel primitives are accessing the appropriate peripheral function as speci- 
fied by the following table: 

BHE A 3 A 2 A-j Aq 

0 X X X X Passive 

X X X X 1 Passive 

X 0 1 X X Passive 

1 0 0X0 Interrupt Controller 

1 1 0 0 0 Systick Timer 

1 10 10 Delay Counter 

1 110 0 Baud Rate Timer 

1 1110 Timer Control 

Or 

0 

Local Bus Interrupt Request: This signal is LOW when the interrupt request is for a 
non-slave input or slave input programmed as being a local slave. 

v cc 


Power: Vqq is the +5V supply pin 

Vss 


Ground: Vgs 'S the ground pin 

SYSTICK 

0 

System Clock Tick: Timer 0 Output 

DELAY 

0 

DELAY Timer: Output of timer 1 

BAUD 

0 

Baud Rate Generator: 8254 Mode 3 compatible output. Output of 80150 Timer 2. 


The 80150 breaks new ground in operating system 
software-on-silicon components. I^t is unique 
because it is the first time that an industry- 
standard personal/small business computer 
operating system is being put in silicon. The 
80150 contains Digital Research’s CP/jyi-86 
operating system, which is designed for Intel’s 
line of software- and interface-compatible iAPX 
86, 88, 186, and 188 microprocessors. Since the 
entire CP/M-86 operating system is contained on 
the chip, it is now possible to design a diskless 
computer that runs proven and commonly 
available applications software. The 80150 is a 


true operating system extension to the host 
microprocessor, since it also integrates key 
operating system-related peripheral functions 
onto the chip. 

MODULAR DESIGN 

Based on a proven, modular design, the system in- 
cludes the: 

• CCP: Console Command Processor 

The CCP is the human interface to the 
operating system and performs decoding and 
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execution of user commands. 

• BDOS: Basic Disk Operating System 

The BDOS is the logical, invariant portion of the 
operating system; it supports a named file 
system with a maximum of 16 logical drives, 
containing up to 8 megabytes each for a poten- 
tial of 128 megabytes of on-line storage. 

• BIOS: Basic Input/Output System 

The physical, variant portion of the operating 
system, the BIOS contains the system- 
dependent input/output device handlers. 

CP/M* COMPATIBILITY 

CP/M-86 files are completely compatible with 
CP/M for 8080- and 8085-based microcomputer 
systems. This simplifies the conversion of soft- 
ware developed under CP/M to take full advantage 
of iAPX 86, 88, 186, 188-based systems. 

The user will notice no significant difference be- 
tween CP/M and CP/M-86. Commands such as 
DIR, TYPE, REN, and ERA respond the same way 
in both systems. 

CP/M-86 uses the iAPX 86, 88, 186, 188 registers 
corresponding to 8080 registers for system call 
and return parameters to further simplify software 
transport. The 80150 allows application code and 
data segments to overlap, making the mixture of 
code and data that often appears in CP/M applica- 
tions acceptable to the iAPX 86, 88, 186, 188. 

Unique Capabilities of CP/M-86 in Silicon 

1. CP/M-86 on-a-chip reduces software develop- 
ment required by the system designer. It can 
change the implementation of the operating 
system into the simple inclusion of the 80150 
on the CPU board. 

As described later, the designer can either 
simply incorporate the Intel chip without the 
need for writing even a single line of additional 
code, or he can add additional device drivers by 
writing only the small amount of additional 
code required. 

2. The 80150 is the most cost-effective way to im- 
plement CP/M-86 in a microcomputer. The in- 
tegration of CP/M-86 with the 16K bytes of 
system memory it requires, the two boot ROMS 
required in a diskette-based CP/M-86, and the 
on-chip peripherals (interrupt controller and 
timers) lead to savings in software, parts cost, 
board space, and interconnect wiring. 

3. The reliability of the microcomputer is in- 


creased significantly. Since CP/M-86 is now 
always in the system as a standard hardware 
operating system, a properly functioning 
system diskette is not required. CP/M-86 in 
hardware can no longer be overwritten acciden- 
tally by a runaway program. System reliability 
is enhanced by the decreased dependence on 
floppy disks and fewer chips and interconnec- 
tions required by the highly integrated 80150. 

4. The microcomputer system boots up CP/M-86 
on power-on, rather than requiring the user to 
go through a complicated boot sequence, thus 
lowering the user expertise required. 

5. Diskless CP/M-based systems are now easy to 
design. Since CP/M is already in the microcom- 
puter hardware, there is no need for a disk drive 
in the system if it is not desired. Without a disk 
drive, a system is more portable, simpler to use, 
less costly, and more reliable. 

6. The administrative costs associated with 
distributing CP/M-86 are eliminated. Since 
CP/M-86 is now resident on the 80150 in the 
microcomputer system, there is no end-user 
licensing required nor is there any serialization 
requirement for the 80150 (because no CP/M 
diskette is used). 

7. End-users will value having their CP/M 
operating system resident in their computer 
rather than on a diskette. They will no longer 
have to back up the operating system or have a 
diskette working properly to bring the system 
up in CP/M, increasing their confidence in the 
integrity, reliability, and usability of the system. 

80150 FUNCTIONAL DESCRIPTION 

The 80150 is a processor extension that is fully 
compatible with the 8086, 8088, 80186, and 80188 
microprocessors. When the 80150 is combined 
with the microprocessor, the two-chip set is 
called an Operating System Processor and is 
denoted as the iAPX 86/50, 88/50, 186/50, or 188/50. 
The basic system configuration is shown in 
Figure 1. The 80150 connects directly to the multi- 
plexed address/data bus and runs up to 8 MHz 
without wait states. 

A. Hardware. Figure 3 is a functional diagram of 
the 80150 itself. CP/M-86 is stored in the 
16K-bytes of control store. The timers are com- 
patible with the standard 8254 timer. The inter- 
rupt controller, with its eight programmable in- 
terrupt inputs and one interrupt output, is 
compatible with the 8259A Programmable In- 
terrupt Controller. External slave 8259A inter- 

*CP/M is a registered trademark of Digital Research, Inc 
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Figure 3. 80150 Internal Block Diagram 


rupt controllers can be cascaded with the 
80150 to expand the total number of interrupts 
to 57. 

B. Software. Digital Research’s version 1.1 of 
CP/M-86 forms the basis of the 80150. CP/M 
consists of three major parts: the Console 
Command Processor (CCP), the Basic Disk 
Operating System (BDOS), and the Basic In- 
put/Output System (BIOS). Details on CP/M-86 
are provided in Digital Research’s CP/M-86 
Operating System User’s Guide and CP/M-86 
Operating System System Guide. 

CCP - Console Command Processor 

The CCP provides all of the capabilities provided 
by Digital Research’s CCP. Built-in commands 
have been expanded to include capabilities nor- 
mally included as transient utilities on the Digital 
Research CP/M-86 diskette. Commands are pro- 


vided to format diskettes, transfer files between 
devices (based on Digital Research’s Peripheral 
Interchange Program PIP), and alter and display 
I/O device and file status (based on Digital 
Research’s STAT). 

Through User Intervention Points, the standard 
CP/M-86 CCP is enhanced to allow the user to add 
new built-in commands to further customize a 
CP/M-86 system. 

BDOS - Basic Disk Operating System 

Once the CCP has parsed a command, it sends it 
to the BDOS, which performs system services 
such as managing disk directories and files. 
Some of the standard BDOS functions provide: 
Console Status 
Console Input and Output 
List Output 
Select Drive 
Set Track and Sector 
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Read/Write Sector 
Load Program 


The BDOS in the 80150 provides the same func- 
tions as the standard Digital Research CP/M-86 
BDOS. 

BIOS - Basic Input/Output System 

The BIOS contains the system-dependent I/O 
drivers. The 80150 BIOS offers two fundamental 
configuration options: 

1. A predefined configuration which supports 
minimum cost CP/M-86 microcomputer 
systems and which requires no operating 
system development by the system designer. 

2. An OEM-configurable mode, where the 
designer can choose among several drivers of- 


fered on the 80150 or substitute or add any ad- 
ditional device drivers of his choice. 

These two options negate the potential software- 
on-silicon pitfall of inflexibility in system design. 
The OEM can customize the end system as 
desired. 

The predefined configuration offers a choice 
among several peripheral chip drivers included on 
the 80150. Drivers for the following chips are in- 
cluded in the 80150 BIOS: 


8251 A 

Universal Synchronous/ 
Asynchronous Receiver/Transmit- 
ter (USART) 

8274 

Multi-Protocol Serial Controller 
(MPSC) 

8255A 

Programmable Parallel Interface 
(PPI) 

8272A 

Floppy Disk Controller 

7220 

Bubble Memory Controller 


FLOPPY DISK 



CONSOLE PRINTER 


Figure 4. Predefined Configuration 
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Even in the predefined configuration, the system 
designer (or end user, if the system designer 
desires) may select parameters such as the baud 
rates for the console and printer, and the floppy 
disk size (standard 8" or 5V4" mini-floppy) and 
format (FM single density or MFM double density, 
single-sided or double-sided). 

Drivers for the 80150 on-chip timers and interrupt 
controller are also included in the BIOS. 

The 80150 takes advantage of the 80186 and 80188 
on-chip peripherals in an iAPX 186/50 or 188/50 
system. For example, the integrated DMA controller is 
used. Also fully utilized are the integrated memory chip 
selects and I/O chip selects. 

Since all microcomputer configurations cannot 
be anticipated, the OEM-configurable mode 
allows the system designer to use any set of 
peripheral chips desired. This configuration is 
shown in Figure 5. 

By simply changing the jump addresses in a con- 
figuration table, the designer can alsb gain the 
flexibility of adding custom BIOS drivers for other 


peripheral chips, such as bubble memories or 
more complex CRT controllers. These drivers 
would be stored in memory external to the 80150 
itself. By providing the configurability option, the 
80150 is applicable to a far broader range of 
designs that it would be with an inflexible BIOS. 


MEMORY ORGANIZATION 

When using the predefined configuration of the 
80150 BIOS, the 80150 must be placed in the top 
16K of the address space of the microprocessor 
(starting at location FC000H) so that the 80150 
gains control when the microprocessor is reset. 
Upon receipt of control, the 80150 writes a con- 
figuration block into the bottom of the micro- 
processor’s address space, which must be in 
RAM. The 80150 uses the area after the inter- 
rupt vectors for system configuration information 
and scratch-pad storage. 

When using the OEM-configurable mode of the 
80150 BIOS; the 80150 is placed on any 16K boun- 



Figure 5. OEM Configurable System 
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dary of memory except the highest (FC000H) or 
lowest (00000H). The user writes interface code (in 
the form of a simple boot ROM) to incorporate and 
link additional features and changes into the 
standard 80150 environment. The configuration 
block may be located as desired in the address 
space, and its size may vary widely depending on 
the application. 

Memory Disk and Bubble Memories 

A unique capability offered by the 80150 is the 
Memory Disk. The Memory Disk consists of a 
block of RAM whose size can be selected by the 
designer. The Memory Disk is treated by the 
BDOS as any standard floppy disk, and is one of 
the 16 disks that CP/M can address. Thus files can 
be opened and closed, programs stored, and 
statistics gathered on the amount of Memory Disk 
space left. 

The 80150 also contains software drivers for 7220 
bubble memory controller. Use of a bubble memory 
board as a substitute for one floppy disk drive is directly 
supported. 


The Memory Disk opens the possibility of a por- 
table low-cost diskless microcomputer or network 
station. Applications! software can be provided in 
a number of ways: 

a. telephone lines via a modem. 

b. ROM-based software. 

c. a network. 

d. bubble memory based software. 

e. low-cost cassettes. 

TYPICAL SYSTEM CONFIGURATION 

Figure 6 shows the processing cluster of a 
“typical” iAPX 86/50 or iAPX 88/50 OSP system. 
Not shown are subsystems likely to vary with the 
application. The configuration includes an 8086 
(or 8088) operating in maximum mode, an 8284A 
clock generator and an 8288 system controller. 
Note that the 80150 is located on the CPU side of 
any latches or transceivers. 

Timers 

The Timers are connected to the lower half of the 
data bus and are addressed at even addresses. 
The timers are read as two successive bytes, 



Figure 6. Typical OSP Configuration 
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always LSB followed by MSB. The MSB is always 
latched on a read operation and remains latched 
until read. Timers are not gatable. An external 
8254 Programmable Interval Timer may be added 
to the system. 

Baud Rate Generator 

The baud rate generator operates like an 8254 
(square wave mode 3). Its output, BAUD, is initially 
high and remains high until the Count Register is 
loaded. The first falling edge of the clock after the 
Count Register is loaded causes the transfer of 
the internal counter to the Count Register. The 
output stays high for N/2 [(N + 1)/2 if N is odd] and 
then goes low for N/2 [(N - 1)/2 if N is odd]. On the 
falling edge of the clock which signifies the final 
count for the output in low state, the output 
returns to high state and the Count Register is 
transferred to the internal counter. The baud rates 
can vary from 300 to 9600 baud. 

The baud rate generator is located at 0CH (12), 
relative to the 16-byte boundary in the I/O space in 
which the 80150 component is located. The timer 
control word is located at relative address, 
0EH(14). Timers are addressed with IOCS-0. 
Timers 0 and 1 are assigned to use by the OSP, 
and should not be altered by the user. 

The 80150 timers are subset compatible with 8254 
timers. 

Interrupt Controller 

The Programmable Interrupt Controller (PIC), is 
also an integral unit of the 80150. Its eight input 
pins handle eight vectored priority interrupts. One 
of these pins must be used for the SYSTICK time 
function in timing waits, using an external con- 
nection as shown. During the 80150 initialization 
and configuration sequence, each 80150 interrupt 
pin is individually programmed as either level or 
edge sensitive. External slave 8259A interrupt 
controllers can be used to expand the total 
number of interrupts to 57. 


In addition to standard PIC functions, the 80150 
PIC unit has an LIR output signal, which when low 
indicates an interrupt acknowledge cycle. LIR = 0 
is pr ovided to control the 8289 Bus Arbiter 
SYSB/RESB pin. This will avoid the need of re- 
questing the system bus to acknowledge local 
bus non-slave interrupts. The user defines the in- 
terrupt system as part of the configuration. 


INTERRUPT SEQUENCE 

The interrupt sequence is as follows: 

1. One or more of the interrupts is set by a low- 
to-high transition on edge-sensitive IR inputs 
or by a high input on level-sensitive IR inputs. 

2. The 80150 evaluates these requests, and 
sends an INT to the CPU, if appropriate. 

3. The CPU acknowledges the INT and responds 
with an intermpt _acknowledge cycle which is 
encoded in S 2 - Sq. 

4. Upon receiving the first interrupt acknowledge 
from the CPU, the highest-priority interrupt is 
set by the 80150 and the corresponding edge 
detect latch is reset. The 80150 does not drive 
the address/data bu)s during this bus cycle but 

. does acknowledge the cycle by making 
ACK = 0 and sending the LIR value for the IR 
input being acknowledged. 

5., The CPU will then initiate a second interrupt 
acknowledge cycle. During this cycle, the 
80150 will supply the cascade address of the 
interrupting input at T-j on the bus and also 
release an 8-bit pointer onto the bus if ap- 
propriate, where it is read by the C PU. If the 
80150 does supply the pointer, then ACK will 
be low for the cycle. This cycle also has the 
value LIR for the IR input being acknowledged. 

6. This completes the interrupt cycle. The ISR bit 
remains set until an appropriate EXIT INTER- 
RUPT primitive (EOI command) is called at the 
end of the Interrupt Handler. 
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ABSOLUTE MAXIMUM RATINGS* 


Ambient Temperature Under Bias 0°Cto70°C 

Storage Temperature -65°C to 150°C 

Voltage on Any Pin With 

Respect to Ground . . . . -1.0Vto+7V 

Power Dissipation ... 10 Watts 


* NOTICE : Stresses above those listed under Absolute 
Maximum Ratings may cause permanent damage to the 
device. This is a stress rating only and functional operation 
of the device at these or any other conditions above those 
indicated in the operational sections of this specification 
is not implied. Exposure to absolute maximum rating con- 
ditions for extended period may affect device reliability. 


D.C. CHARACTERISTICS (T a = 0°C to 70°C, V cc = 45 to 5.5V) 


Symbol 

Parameter 

Min. 

Max. 

Units 

Test Conditions 

V, L 

Input Low Voltage 

-0.5 

0.8 

V 


V,H 

Input High Voltage 

2.0 

V cc + .5 

V 


V 0 L 

Output Low Voltage 


0.45 

V 

l 0L = 2mA 

VOH 

Output High Voltage 

24 


V 

Ioh = -400mA 

•cc 

Power Supply Current 


200 

mA 

T a = 25 C 

'Ll 

Input Leakage Current 


10 

mA 

0 < V| N < v cc 

•lr 

IR Input Load Current 


10 


V|N - Vcc 




-300 


V| N = 0 

•lo 

Output Leakage Current v 


’ 10 

mA 

45 < V 1N < V cc 

Vcu 

Clock Input Low 


0.6 

V 


X 

o 

> 

Clock Input High 

3.9 


V 


Cin 

Input Capacitance 


10 

PF 


Qo 

I/O Capacitance 


15 

PF 


•CLI 

Clock Input Leakage Current 


10 

mA 

V|N = V cc 




150 

mA 

Vin = 2 5V 




10 

mA 

V,N = ov 


A.C. CHARACTERISTICS (T a = 0-70°C, V cc = 4.5-5 5 Volt, V ss = Ground) 
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Symbol 

Parameter 

Min. 

Max. 

Min. 

Max. 

Units 

Test Conditions 

Tclcl 

CLK Cycle Period 

200 

- 

125 

- 

ns 


Tclch 

CLK Low Time 

90 

- 

55 

- 

ns 


t chcl 

CLK High Time 

69 

2000 

44 

2000 

ns 


^SVCH 

Status Active Setup Time 

80 

- 

65 

- 

ns 


Tchsv 

Status Inactive Hold Time 

10 

- 

10 

- 

ns 


^SHCL 

Status Inactive Setup Time 

55 

- 

55 

- 

ns 


T CLSH 

Status Active Hold Time 

10 

- 

10 

- 

ns 


^ASCH 

Address Valid Setup Time 

8 

- 

8 

- 

ns 


"^CLAH 

Address Hold Time 

10 

- 

10 

- 

ns 


t cscl 

Chip Select Setup Time 

20 

- 

20 

- 

ns 


t chcs 

Chip Select Hold Time 

0 

- 

0 

- 

ns 


t dscl 

Write Data Setup Time 

80 

- 

60 

- 

ns 


t chdh 

Write Data Hold Time 

10 

- 

10 

- 

ns 


Tjljh 

IR Low Time 

100 

- 

100 

- 

ns 


Tcldv 

Read Data Valid Delay 

- 

140 

- 

105 

ns 

C L = 200 pF 

^CLDH 

Read Data Hold Time 

10 

- 

10 

- 

ns 


t cldx 

Read Data to Floating 

10 

100 

10 

100 

ns 


t clca 

Cascade Address Delay Time 

- 

85 

- 

65 

ns 



j 
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Symbol 

Parameter 

Min. 

Max. 

Min. 

Max. 

Units 

Notes 

t clcf 

Cascade Addresse Hold Time 

10 

- 

10 

- 

ns 


Tiave 

INTA Status t Acknowledge 

- 

80 

- 

80 

ns 


^CHEH 

Acknowledge Hold Time 

0 

- 

0 

- 

ns 


t csak 

Chip Select to ACK 

- 

110 

- 

110 

ns 


t sack 

Status to ACK 

- 

140 

- 

140 

ns 


1"aack 

Address to ACK 

- 

90 

- 

90 

ns 


t clod 

Timer Output Delay Time 

- 

200 

- 

200 

ns 

C L = 100 pF 

t clodi 

Timerl Output Delay Time 

- 

200 

- - 

200 

ns 

C L = 100 pF 

Tjhih 

INT Output Delay 

- 

200 

- 

200 

ns 


t ircl 

IR Input Set Up 

20 


20 


ns 



WAVEFORMS 



3-230 


210705-003 


/ 







80150/80150-2 

iAPX 86/50, 88/50, 186/50, 188/50 AIWMKBI OMlF©l^lMATrO@K! 


WAVEFORMS 


A.C. 


T4 

J= 


j \ / — — v_ 


BHE, AD,s-AD 0 


MEMCS. IOCS 

WRITE CYCLE 

AD,v-AD c _ 
ACK 

READ CYCLE 


2ND INTA CYCLE 

I TCLCA 


zr 


BHE A A VALID 


HZZ 


h 


ADDRESS VALID 


7 T 


WRITE DATA VALID 


~ V ADDRESS VALID | - 


TCLDV 

TCLDX 

tcldhZ 

| READ DATA VALID 






0 CASCADE ADDRESS j ^ POINTER 0 ^ 


© 


© 


7 =’ 

— *\ f + — TO 


NOTES 

1 CASCADE ADDRESS PRESENTED ON AD8 AD9 AND AD10 CORRESPONDING TO CASO CAS1 
AND CAS2 RESPECTIVELY AD1 1 -ADI 5 LINES ARE ACTIVE AND HAVE UNKNOWN VALUES AD0-AD7 
ARE TRISTATE 

2 POINTER VALUE IS ACTIVE ONLY IF POINTER IS GENERATED FROM THE 80150 AND NOT FROM 
EXTERNAL SLAVE UNIT ■ 

3 ACTIVE LOW ONLY WHEN POINTER DATA IS BEING SUPPLIED BY THF 801 50 

4 LOW ONLY FOR LOCAL INTERRUPT 
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8282/8283 
OCTAL LATCH 


■ 3-State Outputs 

■ 20-Pin Package with 0.3” Center 

■ No Output Low Noise when Entering 
or Leaving High Impedance State 

■ Available in EXPRESS 

- Standard Temperature Range 

- Extended Temperature Range 

The 8282 and 8283 are 8-bit bipolar latches with 3-state output buffers. They can be used to implement latches, buffers, 
or multiplexers. The 8283 Inverts the input data at its outputs while the 8282 does not. Thus, all of the principal periph- 
eral and input/output functions of a microcomputer system can be implemented with these devices. 


■ Address Latch for iAPX 86, 88, 186, 
188, MCS®-80, MCS-85 , MCS-48 
Famlies 

■ High Output Drive Capability for 
Driving System Data Bus 

■ Fully Parallel 8-Bit Data Register and 
Buffer 

■ Transparent during Active Strobe 






8282/8283 



Table 1. Pin Description 


Pin 

Description 

STB 

STROBE (Input). STB is an input control 
pulse used to strobe data at the data input 
pins (A 0 -A 7 ) into the data latches. This 
signal is active HIGH to admit input data. 
The data is latched at the HTGH to LOW 
transition of STB. 

OE 

OUTPUT ENABLE (Input). 51 is an input 
control signal which when active LOW 
enables the contents of the data latches 
onto the data output pin (B 0 -B 7 ). OE being 
inactive HIGH forces the output buffers to 
their high impedance state. 

DI0-DI7 

DATA INPUT PINS (Input). Data presented 
at these pins satisfying setup time re- 
quirements when STB is strobed and 
latched into the data input latches. 

DO0-DO7 

J8282) 

DO0-DO7 

(8283) 

DATA OUTPUT PINS (Output). When OE is 
true, the data in the data latches is pre- 
sented as inverted (8283) or non-inverted 
(8282) data onto the data output pins. 


FUNCTIONAL DESCRIPTION 


The 8282 and 8283 octal latches are 8-bit latches with 
3-state output buffers. Data having satisfied the setup 
time requirements is latched into the data latches by 
strobing the STB line HIGH to LOW. Holding the STB 
line in its active HIGH state makes the latches appear 
transparent. Data is presented to the data output pins by 
activating the OE input line. When OE is inactive HIGH 
the output buffers are in their high impedance state. 
Enabling or disabling the output buffers will not cause 
negative-going transients to appear on the data output 
bus. 
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ABSOLUTE MAXIMUM RATINGS* 


Temperature Under Bias 0°Cto70°C 

Storage Temperature -65°C to + 150°C 

All Output and Supply Voltages - 0.5V to + 7V 

All Input Voltages - 1.0V to + 5.5V 

Power Dissipation 1 Watt 


* NOTICE : Stresses above those listed under “Absolute 
Maximum Ratings’’ may cause permanent damage to the 
device. This is a stress rating only and functional opera- 
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi- 
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 


D.C. CHARACTERISTICS (v C c = 5V ±10 %, t a = o°c to 70°c) 


Symbol 

Parameter 

Min. 

Max. 

Units 

Test Conditions 

v c 

Input Clamp Voltage 


-1 

V 

l c = -5mA 

•cc 

Power Supply Current 


160 

mA 


If 

Forward Input Current 


-0.2 

mA 

V F = 0.45V 

Ir 

Reverse Input Current 


50 

mA 

V R = 5.25V 

V 0 L 

Output Low Voltage 


.45 

V 

Iql = 32 mA 

X 

o 

> 

Output High Voltage 

2.4 


V 

I 0 h = - 5 mA 

•off 

Output Off Current 


±50 

mA 

V off = 0.45 to 5.25V 

V,L 

Input Low Voltage 


0.8 

V 

V CC = 5.0V See Note 1 

V|H 

Input High Voltage 

2.0 


V 

Vcc = 5.0V See Note 1 

C|N 

Input Capacitance 


12 

pF 

F = 1 MHz 

V B1AS =2.5V, V cc =5V 
T a = 25°C 


NOTE: 

1. Output Loading Iql = 32 mA, I 0 h = -5mA, Cl = 300 pF.* 


A.C. CHARACTERISTICS (V cc = 5V ±10 %, T a = 0°C to 70°C (See Note 2) 

Loading: Outputs— I ql = 32 mA, Iqh = -5 mA, Cl = 300 pF*j * 


Symbol 

Parameter 

Min. 

Max. 

Units 

Test Conditions 

TIVOV 

Input to Output Delay 




(See Note 1) 


— Inverting 

5 

22 

ns 



-Non-Inverting 

5 

30 

ns 


TSHOV 

STB to Output Delay 






—Inverting 

10 

40 

ns 



-Non-Inverting 

10 

45 

ns 


TEHOZ 

Output Disable Time 

5 

18 

ns 


TELOV 

Output Enable Time 

10 

30 

ns 


TIVSL 

Input to STB Setup Time 

0 


ns 


TSLIX 

Input to STB Hold Time 

25 


ns 


TSHSL 

STB High Time 

15 


ns 


TOLOH 

Input, Output Rise Time 


20_ 

ns 

From 0.8V to 2.0V 

TOHOL 

Input, Output Fall Time 


12 

ns 

From 2.0V to 0.8V 


NOTE: *C L = 200 pF for plastic 8282/8283. 

1. See waveforms and test load circuit on following page. 

2. For Extended Temperature EXPRESS the Preliminary Maximum Values are TIVOV = 25 vs 22, 35 vs 30; 

TSHOV = 45, 55; TEHOZ = 25; TELOV ,= 50. 
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A.C. TESTING INPUT, OUTPUT WAVEFORM 


INPUT/OUTPUT 



A C TESTING. INPUTS ARE DRIVEN AT 2 4V FOR A LOGIC “1” AND 0.45V FOR 
A LOGIC "0 ” TIMING MEASUREMENTS ARE MADE AT 1 5V FOR BOTH A 
LOGIC “1” AND “0” INPUT RISE AND FALL TIMES ARE MEASURED FROM 
08V TO 20V AND ARE DRIVEN AT 5ns ± 2ns 


OUTPUT TEST LOAD CIRCUITS 



3-235 







8282/8283 










8284A/8284A-1 

CLOCK GENERATOR AND DRIVER FOR 
iAPX 86, 88 PROCESSORS 


■ Generates the System Clock for the 
iAPX 86, 88 Processors: 

5 MHz, 8 MHz with 8284A 
10 MHz with 8284A-1 

■ Uses a Crystal or a TTL Signal for 
Frequency Source 

■ Provides Local READY and MULTIBUS® 
READY Synchronization 

■ 18-Pin Package 


■ Single + 5 V Power Supply 

■ Generates System Reset Output from 
Schmitt Trigger Input 

■ Capable of Clock Synchronization with 
Other 8284AS 

■ Available in EXPRESS 

- Standard Temperature Range 

- Extended Temperature Range 



CKt 



CKI 

D Q 

n 

br> 

D Q 

FF1 

i 

FF2 


RESET 


OSC 


PCLK 


CLK 


►READY 


CSYNC □ 1 


pclkE 

aeniE 

RDYlE 
READY E 
RDY2 E 
AEN2 E 

clkE 

gndE 


18 ZlVcc 
17 I|X1 
16 I|X2 


4 15 IlASYNC 

8284A 

5 14HEFI 

6 13 □F/C 

7 12 DOSC 

8 11 USES 

9 10 □RESET 


ASYNC - 


8284A/8284A-1 Block Diagram 


8284A/8284A-1 Pin 
Configuration 
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Table 1. Pin 


Symbol 

Type 

Name and Function 

aenT, 

AEN2 

1 

Address Enable: AEN is an active LOW 
signal. AEN serves to qualify its respective 
Bus Ready Signal (RDY1 or RDY2). AEN1 
validates RDY1 while AEN2 validates RDY2. 
Two AEN signal inputs are useful in system 
configurations which permit the processor to 
access two Multi-Master System Busses. In 
non Multi-Master configurations the AEN 
signal inputs are tied true (LOW). 

RDY1, 

RDY2 


Bus Ready: (Transfer Complete). RDY is an 
active HIGH signal which is an indication from 
a device located on the system data bus that 
data has been received, or is available. RDY1 
is qualified by AEN1 while RDY2 is qualified 
by AEN2. 

ASYNC 

1 

Ready Synchronization Select: ASYNC is an 
input which defines the synchronization 
mode of the READY logic. When ASYNC is 
low, two stages of READY synchronization 
are provided. When ASYNC is left open 
(internal pull-up resistor is provided) or HIGH 
a single stage of READY synchronization is 
provided. 

READY 

0 

Ready: READY is an active HIGH signal 
which is the synchronized RDY signal input. 
READY is cleared after the guaranteed hold 
time to the processor has been met. 

XI, X2 

1 

Crystal In: XI and X2 are the pins to which a 
crystal is attached. The crystal frequency is 3 
times the desired processor clock frequency. 

F/C 

1 

Frequency/Crystal Select: F/C is a strapping 
option. When strapped LOW, F/C permits the 
processor’s clock to be generated by the crys- 
tal. When F/C is strapped HIGH, CLK is gener- 
ated from the EFI input. 

EFI 


External Frequency: When F/C is strapped 
HIGH, CLK is generated from the input fre- 
quency appearing on this pin. The input 
signal is a square wave 3 times the frequency 
of the desired CLK output. 


FUNCTIONAL DESCRIPTION 
General 

The 8284A is a single chip clock generator/driver for the 
iAPX 86, 88 processors. The chip contains a crystal-con- 
trolled oscillator, a divide-by-three counter, complete MULTIBUS 
“Ready” synchronization and reset logic. Refer to Figure 1 
for Block Diagram and Figure 2 for Pin Configuration. 

Oscillator 

The oscillator circuit of the 8284A is designed primarily 
for use with an external series resonant, fundamental 
mode, crystal from which the basic operating frequency 
is derived. 

The crystal frequency should be selected at three times 
the required CPU clock. XI and X2 are the two crystal 
input crystal connections. For the most stable operation 


Description 


Symbol 

Type 

Name and Function 

CLK 

0 

Processor Clock: CLK is the clock output 
used by the processor and all devices which 
directly connect to the processor’s local bus 
(i.e., the bipolar support chips and other MOS 
devices). CLK has an output frequency which 
is 16 of the crystal or EFI input frequency and a 
V 3 duty cycle. An output HIGH of 4.5 volts 
(V C c= 5V) is provided on this pin to drive MOS 
devices. 

PCLK 

0 

Peripheral Clock: PCLK is a TTL level pe- 
ripheral clock signal whose output frequency 
is Vi that of CLK and has a 50% duty cycle. 

OSC 

0 

Oscillator Output: OSC is the TTL level out- 
put of the internal oscillator circuitry. Its fre- 
quency is equal to that of the crystal. 

RES 

1 

Reset In: RES is an active LOW signal which 
is used to generate RESET. The 8284A 
provides a Schmitt trigger input so that an RC 
connection can be used to establish the 
power-up reset of proper duration. 

RESET 

0 

Reset: RESET is an active HIGH signal which 
is used to reset the 8086 family processors. Its 
timing characteristics are determined by 
RES. 

CSYNC 

1 

Clock Synchronization: CSYNC is an active 
HIGH signal which allows multiple 8284As to 
be synchronized to provide clocks that are in 
phase. When CSYNC is HIGH the internal 
counters are reset. When CSYNC goes LOW 
the internal counters are allowed to resume 
counting. CSYNC needs to be externally syn- 
chronized to EFI. When using the internal os- 
cillator CSYNC should be hardwired to 
ground. # 

GND 


Ground. 

v cc 


Power: + 5V supply. 


of the oscillator (OSC) output circuit, two series resistors 
(R-i = R 2 = 510 O) as shown in the waveform figures are 
recommended. The output of the oscillator is buffered and 
brought out on OSC so that other system timing signals 
can be derived from this stable, crystal-controlled source. 

For systems which have aVcc ramp time s* IV/ms and/or 
have inherent board capacitance between XI or X2, ex- 
ceeding 10 pF (not including 8284A pm capacitance), the 
two 5100 resistors should be used. This circuit provides 
optimum stability for the oscillator in such extreme condi- 
tions. It is advisable to limit stray capacitances to less than 
10 pF on XI and X2 to minimize deviation from operating 
at the fundamental frequency. 

If EFI is used and no crystal is connected, it is recommended 
that X 1 or X 2 should be tied to V cc through a 510Q resistor to 
prevent the oscillator from free running which might produce 
HF noise and additional Iqc current. 
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Clock Generator 

The clock generator consists of a synchronous divide- 
by-three counter with a special clear input that inhibits 
the counting. This clear input (CSYNC) allows the out- 
put clock to be synchronized with an external event 
(such as another 8284A clock). It is necessary to syn- 
chronize the CSYNC input to the EFI clock external to 
the 8284A. This is accomplished with two Schottky flip- 
flops. The counter output is a 33% duty cycle clock at 
one-third the input frequency. 

The F/C input is a strapping pin that selects either the 
crystal oscillator or the EFI input as the clock for the 3 
counter. If the EFI input is selected as the clock source, 
the oscillator section can be used independently for 
another clock source. Output is taken from OSC. 

Clock Outputs 

The CLK output is a 33% duty cycle MOS cloqk driver 
designed to drive the iAPX 86, 88 processors directly. 
PCLK is a TTL level peripheral clock signal whose out- 
put frequency is Vz that of CLK. PCLK has a 50% duty 
cycle. 

Reset Logic 

The reset logic provides a Schmitt trigger input (RES) 
and a synchronizing flip-flop to generate the reset 
timing. The reset signal is synchronized to the falling 
edge of CLK. A simple RC network can be used to 
provide power-on reset by utilizing this function of the 
8284 A. 

READY Synchronization 

Two READY inputs (RDY1, RDY2) are provided to accom- 
modate two M ulti-M aster syste m busses. Each i nput 
has a qualifier (AEN1 and AEN2, respectively). The AEN 
signals validate their respective RDY signals. If a Multi- 


Master system is not being used the AEN pin should be 
tied LOW. 

Synchronization is required for all asynchronous active- 
going edges of either RDY input to guarantee that the 
RDY setup and hold times are met. Inactive-going edges 
of RDY in normally ready systems do not require syn- 
chronization but must satisfy RDY setup and hold as a 
matter of proper system design. 


The ASYNC input defines two modes of READY syn- 
chronization operation. 


When ASYNC is LOW, two stages of synchronization 
are provided for active READY input signals. Positive- 
going asynchronous READY inputs will first be syn- 
chronized to flip-flop one at the rising edge of CLK 
and then synchronized to flip-flop two at the next falling 
edge of CLK, after which time the READY output will go 
active (HIGH). Negative-going asynchronous READY in- 
puts will be synchronized directly to flip-flop two at the 
falling edge of CLK, after which time the READY output 
will go inactive. This mode of operation is intended for use 
by asynchronous (normally not ready) devices in the sys- 
tem which cannot be guaranteed by design to meet the 
required RDY setup timing, Trivcl. on each bus cycle. 


When ASYNC is high or left open, the first READY flip- 
flop is bypassed in the READY synchronization logic. 
READY inputs are synchronized by flip-flop two on the 
falling edge of CLK before they are presented to the 
processor. This mode is available for synchronous 
devices that can be guaranteed to meet the required 
RDY setup time. 


ASYNC can be changed on every bus cycle to select the 
appropriate mode of synchronization for each device in 
the system. 


% 



Figure 3. CSYNC Synchronization 
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ABSOLUTE MAXIMUM RATINGS* 


Temperature Under Bias 0°C to 70 °C 

Storage Temperature -65°Cto +150°C 

All Output and Supply Voltages - 0.5V to + 7V 

All Input Voltages - 1 .0V to + 5.5V 

Power Dissipation 1 Watt 


*NOTICE: Stresses above those listed under “Absolute 
Maximum Ratings’’ may cause permanent damage to the 
device. This is a stress rating only and functional opera- 
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi- 
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 


D.C. CHARACTERISTICS (T A =0°C to 70“C, Vcc=5V± 10%) 


Symbol 

Parameter 

Min. 

Max. 

Units 

Test Conditions 

If 

Forward Input Current (ASYNC) 


-1.3 

mA 

V F = 0.45 V 


Other Inputs 


-0.5 

mA 

V F = 0.45 V 

•r 

Reverse Input Current (ASYNC) 


50 

mA 

Vr=V CC 


Other Inputs 


50 

mA 

V r = 5.25 V 

v c 

Input Forward Clamp Voltage 


-1.0 

V 

l c = -5mA 

*cc 

Power Supply Current 


162 

mA 


V| L 

Input LOW Voltage 


0.8 

V 


V| H 

Input HIGH Voltage 

2.0 


V 


VlHR 

Reset Input HIGH Voltage 

2.6 


V 


V 0 L 

Output LOW Voltage 


0.45 

V 

5 mA 

V 0 H 

Output HIGH Voltage CLK 

4 


V 

-1mA 


Other Outputs 

2.4 


V 

-1mA 

VlHR- V| L R 

RES Input Hysteresis 

0.25 


V 



A.C. CHARACTERISTICS (T A =(rc to 70°C, Vcc=5V± 10%) 

TIMING REQUIREMENTS 


Symbol 

Parameter 

Min. 

Max. 

Units 

Test Conditions 

*EHEL 

External Frequency HIGH Time 

13 


ns 

90% -90% V, N 

*ELEH 

External Frequency LOW Time 

13 


ns 

10% -10% V, N 

Ielel 

EFI Period 

33 


ns 

(Note 1) 


XTAL Frequency 

12 

25 

MHz 


tRIVCL 

RDY1, RDY2 Active Setup to CLK 

35 


ns 

ASYNC = HIGH 

tRIVCH 

RDY1, RDY2 Active Setup to CLK 

35 


ns 

ASYNC = LOW 

Frivol 

RDY1, RDY2 Inactive Setup to CLK 

35 


ns 


tCLRIX 

RDY1, RDY2 Hold to CLK , 

0 


ns 


tAYVCL 

ASYNC Setup to CLK 

50 


ns 


tCLAYX 

ASYNC Hold to CLK 

0 


ns 


tAIVRIV 

AEN1, AEN2 Setup to RDY1, RDY2 

15 


ns 


tcLAlX 

AEN1, AEN2 Hold to CLK 

0 


ns 


tYHEH 

CSYNC Setup to EFI 

20 


ns 


*EHYL 

CSYNC Hold to EFI 

10 


ns 


Whyl 

CSYNC Width 

2*t£LEL 


ns 


t|1HCL 

RES Setup to CLK 

65 


ns 

(Note 1) 

*0-11 H 

RES Hold to CLK 

20 


ns 

(Note 1) 
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A.C. CHARACTERISTICS (Continued) 

TIMING RESPONSES 


Symbol 

Parameter 

Min. 8284A 

Min. 8284A-1 

Max. 

Units 

Test Conditions 

tcLCL 

CLK Cycle Period 

125 

100 


ns 


tcHCL 

CLK HIGH Time 

0/3 t C LCL) + 2 

39 


ns 


td-CH 

CLK LOW Time 

(%t CLC L)-15 

53 


ns 


tcH1CH2 

tcL2CL1 

CLK Rise or Fall Time 



10 

ns 

1.0V to 3.5V 

tpHPL 

PCLK HIGH Time 

tcLCL-20 

tcLCL - 20 


ns 


tpLPH 

PCLK LOW Time 

tcLCL" 20 

tcLCL ~ 20 


ns 


tRYLCL 

Ready Inactive to CLK (See Note 3) 

-8 

-8 


ns 


tRYHCH 

Ready Active to CLK (See Note 2) 

(%t CLC L)-15 

53 


ns 


tCLIL 

CLK to Reset Delay 



40 

ns 


tdPH 

CLK to PCLK HIGH DELAY 



22 

ns 


tcLPL 

CLK to PCLK LOW Delay 



22 

ns 


toLCH 

OSC to CLK HIGH Delay 

-5 

-5 

22 

ns 


*010. 

OSC to CLK LOW Delay 

2 

2 

35 

ns 


toLOH 

Output Rise Time (except CLK) 



20 

ns 

From 0.8V to 2.0V 

toHOL 

Output Fall Time (except CLK) 



12 

ns 

From 2.0V to 0.8V 


NOTES: 

1. Setup and hold necessary only to guarantee recognition at next clock. 

2. Applies only to T3 and TW states. 

3. Applies only to T2 states. 


A.C. TESTING INPUT, OUTPUT WAVEFORM A.C. TESTING LOAD CIRCUIT 
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CLOCKS AND RESET SIGNALS 


NAME I/O __ _ 

EH JUl.. 

oso 



NOTE: ALL TIMING MEASUREMENTS ARE MADE AT 1.5 VOLTS, UNLESS OTHERWISE NOTED. 
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WAVEFORMS (Continued) 

READY SIGNALS (FOR SYNCHRONOUS DEVICES) 



Clock High and Low Time (Using XI, X2) 



Clock High and Low Time (Using EFI) 
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Ready to Clock (Using XI, X2) 



N0TE8; Ready to Clock (Using EFI) 

1 C(. = 1 00 pF 
2. Cl = 30 pF 


< 
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8286/8287 

OCTAL BUS TRANSCEIVER 



■ Data Bus Buffer Driver for iAPX 
86,88,186,188, MCS-80™, MCS-85™, 
and MCS-48™ Families 

■ High Output Drive Capability for 
Driving System Data Bus 

■ Fully Parallel 8-Bit Transceivers 

■ 3-State Outputs 


■ 20-Pin Package with 0.3” Center 


■ No Output Low Noise when Entering 
or Leaving High Impedance State 

. Available in EXPRESS 

- Standard Temperature Range 

- Extended Temperature Range 


The 8286 and 8287 are 8-bit bipolar transceivers with 3-state outputs. The 8287 inverts the input data at its outputs 
while the 8286 does not. Thus, a wide variety of applications for buffering in microcomputer systems can be met. 





E3 i 

0-J' 

Ehj " 
E3 i” 

0-3 “ 
Hd" 

E3t~" 

T.. 


4 


r-m 

"r® 

'IrH 

"r-EI 

‘IrH 

‘T-S 

._r 


A od 

1 ^ 

20 

□ vcc 

A 0 d 

1 ^ 

20 

Aid 

2 

19 

□ B 0 

Aid 

2 

19 

a 2 C 

3 

18 

□ B 1 

a 2 d 

3 

18 

a 3 d 

4 

17 

□ b 2 

Aad 

4 

17 

A 4 d 

5 

8286 

16 

□ b 3 

a 4 d 

5 

8287 

16 

A 5 d 

6 

15 

□ b 4 

A5d 

6 

15 

A6d 

7 

14 

□ B 5 

A 6 d 

7 

14 

A7d 

8 

13 

□ B 6 

a 7 d 

8 

13 

OEd 

9 

12 

□ b 7 

OEd 

9 

12 

GND d 

10 

11 

□ T 

GND d 

10 

11 


□ Vcc 

□ Bo 

□ ®i 

□ B 2 

□ «3 

□ Si 

□ *5 

□ b 6 

□ ®7 


B 


Figure 1. Logic Diagrams 


Figure 2. Pin Configurations 
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Table 1. Pin Description 


Symbol 

Type 

Name and Function 

T 

1 

Transmit: T is an input control signal used to control the direction of the transceivers. When HIGH, 
it configures the transceiver’s B 0 -B 7 as outputs with Aq-A 7 as inputs. T LOW configures A 0 -A 7 as 
the outputs with Bq-B 7 serving as the inputs. 

OE 

1 

Output Enable: OE is an input control signal used to enable the appropriate output driver (as 
selected by T) onto its respective bus. This signal is active LOW. 

Aq-A 7 

I/O 

Local Bus Data Pins : These pins serve to either present data to or accept data from the processor’s 
local bus depending upon the state of the T pin. 

B 0 -B 7 (8286) 

B 0 -B 7 (8287) 

I/O 

System Bus Data Pins: These pins serve to either present data to or accept data from the system 
bus depending upon the state of the T pin. 


FUNCTIONAL DESCRIPTION 

The 8286 and 8287 transceivers are 8-bit transceivers with 
high impedance outputs. With T active HIGH and OE ac- 
tive LOW, data at the A 0 -A 7 pins is driven onto the B 0 -B 7 
pins. With T inactive LOW and OE active LOW, data at the 


B 0 -B 7 pins is driven onto the Aq-A 7 pins. No output low 
glitching will occur whenever the transceivers are enter- 
ing or leaving the high impedance state. 


A.C. TESTING INPUT, OUTPUT WAVEFORM 


INPUT/OUTPUT 



AC TESTING INPUTS ARE DRIVEN AT2 4VFOR A LOGIC “1” ANDO 45V 
FOR A LOGIC “0” THE CLOCK IS DRIVEN AT 4 3V and 0 25V TIMING 
MEASUREMENTS ARE MADE AT 1 5 V FOR BOTH A LOGIC “1” AND “0 ” 
INPUT RISE AND FALL TIMES ARE 5 ±2 NS , MEASURED BETWEEN 0 8V 
AND 2 0V 
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inter 


TEST LOAD CIRCUITS 
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ABSOLUTE MAXIMUM RATINGS* 


Temperature Under Bias 0°C to 70 °C 

Storage Temperature -65°C to + 150°C 

All Output and Supply Voltages - 0.5V to + 7V 

All Input Voltages - 1 .0V to + 5.5V 

Power Dissipation 1 Watt 


*NOTICE: Stresses above those listed under “Absolute 
Maximum Ratings” may cause permanent damage to the 
device. This is a stress rating only and functional opera- 
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi- 
cation is not implied. Epxposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 


D.C. CHARACTERISTICS (V cc = +5V ±10 %, t a = o°c to 70°C) 


Symbol 

Parameter 

Min 

Max 

Units 

Test Conditions 

V C 

Input Clamp Voltage 


-1 

V 

l c = -5 mA 

•cc 

Power Supply Current— 8287 


130 

mA 



—8286 


160 

mA 


If 

Forward Input Current 


-0.2 

mA 

V F = 0.45V 

Ir 

Reverse Input Current 


50 

PA 

V R = 5.25V 

VOL 

Output Low Voltage — B Outputs 


.45 

V 

Iol = 32 mA 


—A Outputs 


.45 

V 

Iol = 16 mA 

V OH 

Output High Voltage — B Outputs 

2.4 


V 

Iqh = mA 


—A Outputs 

2.4 


V 

l 0H = -1 mA 

•off 

Output Off Current 


If 


V off = 0.45V 

•off 

Output Off Current 


Ifc 


V 0FF = 5.25V 

V| L 

Input Low Voltage —A Side 


0.8 

V 

V cc = 5.0V, See Note 1 


— B Side 


0.9 

V 

V C c = 5.0V, See Note 1 

V, H 

Input High Voltage 

2.0 


V 

V C c = 5.0V, See Note 1 






F= 1 MHz 

C|N 

Input Capacitance 


12 

PF 

Vbias = 2.5V, V cc =5V 






T A =f 25°C 


NOTE: 

1. B Outputs — Iql = 32 mA, Iqh = “5 mA, Cl = 300 pF*: A Outputs— Iql = 16 mA, Iqh = -1 mA, Cl = 100 pF. 


A.C. CHARACTERISTICS (V cc = +5V ±10%, t a = o°c to 70“C) (See Note 2) 

Loading: B Outputs— Iql = 32 mA, I 0 h = ~5 mA, C L = 300 pF 
A Outputs— Iql = 16 mA, Iqh = ~1 mA, C L = 100 pF 


Symbol 

Parameter 

Min 

Max 

Units 

Test Conditions 

TIVOV 

Input to Output Delay 






Inverting 

5 

22 

ns 

(See Note 1) 


Non-Inverting 

5 

30 

ns 


TEHTV 

Transmit/Receive Hold Time 

5 


ns 


TTVEL 

Transmit/Receive Setup 

10 


ns 


TEHOZ 

Output Disable Time 

5 

18 

ns 


TELOV 

Output Enable Time 

10 

30 

ns 


TOLOH 

Input, Output Rise Time 


20 

ns 

From 0.8 V to 2.0V 

TOHOL 

Input, Output Fall Time 


12 

ns 

From 2.0V to 8.0V 


*Cl = 200 pF for plastic 8286/8287 

NOTE: / 

1. See waveforms and test load circuit on following page. 

2. For Extended Temperature EXPRESS the Preliminary Maximum Values are TIVOV = 25 vs 22, 35 vs 30; 
TEHOZ = 25; TELOV = 50. 
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8288 

BUS CONTROLLER 
FOR iAPX 86. 88 PROCESSORS 


■ Bipolar Drive Capability 

■ Provides Advanced Commands 

■ Provides Wide Flexibility in System 
Configurations 

■ Compatible with 10 MHz iAPX 86 and 
8 MHz iAPX 186 based systems. 


■ 3-State Command Output Drivers 

■ Configurable for Use with an I/O Bus 

■ Facilitates Interface to One or Two 
Multi-Master Busses 

■ Available in EXPRESS 

- Standard Temperature Range 

- Extended Temperature Range 


The Intel® 8288 Bus Controller is a 20-pin bipolar component for use with medium-to-large iAPX 86, 88 processing 
systems. The bus controller provides command and control timing generation as well as bipolar bus drive capability while 
optimizing system performance. 

A strapping option on the bus controller configures it for use with a multi-master system bus and separate I/O bus. 


8086 

STATUS 


CONTROL 

INPUT 



MRDC 

MWTC 

AMWC 

IORC 

iowc, 

AIOWC 

INTA 


MULTIBUS™ 

COMMAND 

SIGNALS 


DT/R 

DEN 

MCE/PDEN 


ALE 


ADDRESS LATCH, DATA 
TRANSCEIVER, AND 
INTERRUPT CONTROL 
SIGNALS 


+ 5V 


GND 



vcc 

SO 

S2 

MCE/PDEN 

DEN 

CEN 

INTA 

IORC 

AIOWC 

iowc 


Figure 1. Block Diagram 


Figure 2. 

Pin Configuration 


i 
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Table 1. Pin Description 


Symbol 

Type 

Name and Function 

AIOWC 

0 

Advanced I/O Write Command: The 

AIOWC issues an I/O Write Command 
earlier in the machine cycle to give I/O 
devices an early indication of a write in- 
struction. Its timing is the same as a read 
command signal. AIOWC is active LOW. 

iowc 

0 

I/O Write Command: This command line 
instructs an I/O device to read the data on 
the data bus. This signal is active LOW. 

IORC 

0 

I/O Read Command: This command line 
instructs an I/O device to drive its data 
onto the data bus. This signal is active 
LOW. 

AMWC 

0 

Advanced Memory Write Com- 
mand : The AMWC issues a memory write 
command earlier in the machine cycle to 
give memory devices an early indication 
of a write instruction. Its timing is the 
same as a read command signal. AMWC is 
active LOW. 

MWTC 

0 

Memory Write Command: This com- 
mand line instructs the memory to record 
the data present on the data bus. This 
signal is active LOW. 

MRDC 

0 

Memory Read Command: This com- 
mand line instructs the memory to drive 
its data onto the data bus. This signal is 
active LOW. 

Tnta 

0 

Interrupt Acknowledge: This command 
line tells an interrupting device that its 
interrupt has been acknowledged and 
that it should drive vectoring information 
onto the data bus. This signal is active 
LOW. 

MCE/PDEN 

0 

This is a dual function pin. 

MCE (IOB is tied LOW): Master Cascade 
Enable occurs during an interrupt se- 
quence and serves to read a Cascade 
Address from a master PIC (Priority Inter- 
rupt Controller) onto the data bus. The 
MCE signal is active HIGH. 

PDEN (IOB is tied HIGH): Peripheral 
Data Enable enables the data bus trans- 
ceiver for the I/O bus that DEN performs 
for the system bus. PDEN is active LOW. 


Symbol 

Type 

Name and Function 

v cc 


Power: +5V supply. 

GND 


Ground. 

Sq, Si, S 2 


Status Input Pins: These pins are the 
status input pins from the 8086, 8088 or 
8089 processors. The 8288 decodes these 
inputs to generate command and control 
signals at the appropriate time. When 
these pins are not in use (passive) they are 
all HIGH. (See chart under Command and 
Control Logic.) 

CLK 

1 

Clock: This is a clock signal from the 
8284 clock generator and serves to estab- 
lish when command and control signals 
are generated. 

ALE 

0 

Address Latch Enable: This signal 
serves to strobe an address into the 
address latches. This signal is active HIGH 
and latching occurs on the falling (HIGH 
to LOW) transition. ALE is intended for 
use with transparent D type latches. 

DEN 

0 

Data Enable: This signal serves to en- 
able data transceivers onto either the 
local or system data bus. This signal is 
active HIGH. 

DT/R 

0 

Data TVansmlt/Receive: This signal es- 
tablishes the direction of data flow 
through the transceivers. A HIGH on this 
line indicates Transmit (write to I/O or 
memory) and a LOW indicates Receive 
(Read). 

AEN 

1 

Address Enable: AEN enables command 
outputs of the 8288 Bus Controller at least 
1 1 5 ns after it becomes active (LOW). AEN 
going inactive immediately 3-states the 
command output drivers. AEN does not 
affect the I/O command lines if the 8288 is 
in the I/O Bus mode (IOB tied HIGH). 

CEN 

1 

Command Enable: When this signal is 
LOW all 8288 command outputs and the 
DEN and PDEN control outputs are forced 
to their inactive state. When this signal is 
HIGH, these same outputs are enabled. 

IOB 


Input/Output Bus Mode: When the IOB is 

strapped HIGH the 8288 functions in the 
I/O Bus mode. When it is strapped LOW, 
the 8288 functions in the System Bus 
mode. (See sections on I/O Bus and Sys- 
tem Bus modes). 
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FUNCTIONAL DESCRIPTION 
Command and Control Logic 

The command logjcjjecodes the three 8086, 8088 or 8089 
CPU status lines (S^, Si, S 2 ) to determine what command 
is to be issued. 

This chart shows the meaning of each status “word”. 


s 2 

Si 

So 

Processor State 

8288 Command 

0 

0 

0 

Interrupt Acknowledge 

INTA 

0 

0 

1 

Read I/O Port 

IORC 

0 

1 

0 

Write I/O Port 

. IOWC, AIOWC 

0 

1 

1 

Halt 

None 

1 

0 

0 

Code Access 

MRDC 

1 

0 

1 

Read Memory 

MRDC 

1 

1 

0 

Write Memory 

MWTC, AMWC 

1 

1 

1 

Passive 

None 


The command is issued in one of two ways dependent 
on the mode of the 8288 Bus Controller. 

I/O Bus Mode — The 8288 is in the I/O Bus mode if the 
IOB pin is strap ped H I GH. In the I/O Bus m ode all I/O 
command lines (IORC, IOWC, AIOWC, INTA) are always 
enabled (i.e., not dependent on AEN). When an I/O com- 
mand is initiated by the processor, th e 8288 immediately 
activates the command lines using PDEN and DT/R to 
control the I/O bus transceiver. The I/O command lines 
should not be used to control the system bus in this 
configuration because no arbitration is present. This 
mode allows one 8288 Bus Controller to handle two ex- 
ternal busses. No waiting is involved when the CPU 
wants to gain access to the I/O bus. Norm al memory ac- 
cess requires a “Bus Ready” signal (AEN LOW) before it 
will proceed. It is advantageous to use the IOB mode if 
I/O or peripherals dedicated to one processor exist in a 
multi-processor system. 

System Bus Mode — The 8288 is in the System Bus mode 
if the IOB pin is strapped LOW. In this m ode no command 
is issued until 115 ns after the. AEN Line is activated 
(LOW). This mode assumes b us arb itration logic will in- 
form the bus controller (on the AEN line) when the bus is 
free for use. Both memory and I/O commands wait for bus 
arbitration. This mode is used when only one bus exists. 
Here, both I/O and memory are shared by more than one 
processor. 

COMMAND OUTPUTS 

The advanced write commands are made available to in- 
itiate write procedures early in the machine cycle. This 
signal can be used to prevent the processor from enter- 
ing an unnecessary wait state. 

The command outputs are: 

MRDC — Memory Read Command 

MWTC — Memory Write Command 

IORC — I/O Read Command 

IOWC — I/O Write Command 

AMWC — Advanced Memory Write Command 

AIOW C — Advanced I/O Write Command 

INTA — Interrupt Acknowledge 


INTA (Interrupt Acknowledge) acts as an I/O read during 
an interrupt cycle. Its purpose is to inform an inter- 
rupting device that its interrupt is being acknowledged 
and that it should place vectoring information onto the 
data bus. 


CONTROL OUTPUTS 

The control outputs of the 8288 are Data Enable (DEN), 
Data Transmit/Receive (DT/R) and Maste r Cascade 
Enable/Peripheral Data Enable (MCE/PDEN). The DEN 
signal determines when the externa[_bus should be 
enabled onto the local bus and the DT/R determines the 
direction of data transfer. These two signals usually go 
to the chip select and direction pins of a transceiver. 

The MCE/PDEN pin changes function with the two 
modes of the 8288. When the 8288 is in the IOB mode 
(IOB HIGH) the PDEW signal serves as a dedicated data 
enable signal for the I/O or Peripheral System bus. 


INTERRUPT ACKNOWLEDGE AND MCE 

The MCE signal is used during an interrupt acknowl- 
edge cycle if the 8288 Is in the System Bus mode (IOB 
LOW). During any interrupt sequence there are two inter- 
rupt acknowledge cycles that occur back to back. Dur- 
ing the first interrupt cycle no data or address transfers 
take place. Logic should be provided to mask off MCE 
during this cycle. Just before the second cycle begins 
the MCE signal gates a master Priority Interrupt Con- 
troller’s (PIC) cascade address onto the processor’s 
local bus where ALE (Address Latch Enable) strobes it 
into the address latches. On the leading edge of the 
secpnd interrupt cycle the addressed slave PIC gates an 
interrupt vector onto the system data bus where it is 
read by the processor. 

If the system contains only one PIC, the MCE signal is 
not used. In this case the second Interrupt Acknowledge 
signal gates the interrupt vector onto the processor bus. 


ADDRESS LATCH ENABLE AND HALT 

Address Latch Enable (ALE) occurs during each machine 
cycle and serves to strobe the current address into the 
address latches. ALE also serves to strobe the status (5^, 
Si, S 2 ) into a latch for halt state decoding. 


COMMAND ENABLE 

The Command Enable (CEN) input acts as a command 
qualifier for the 8288. if the CEN pin is high the 8288 
functions normally. If the CEN pin is pulled LOW, all 
command lines are held in their inactive state (not 
3-state). This feature can be used to implement memory 
partitioning and to eliminate address conflicts between 
system bus devices and resident bus devices. 
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ABSOLUTE MAXIMUM RATINGS* 


Temperature Under Bias 0°C to 70°C 

Storage Temperature -65°C to +150°C 

All Output and Supply Voltages -0.5V to +7V 

All Input Voltages -1.0V to +5.5V 

Power Dissipation 1.5 Watt 


* NOTICE : Stresses above those listed under “Absolute 
Maximum Ratings ” may cause permanent damage to the 
device. This is a stress rating only and functional opera- 
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi- 
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 


D.C. CHARACTERISTICS (v cc = 5V ± 10 %, t a ,= o°c to 70 °c) 


Symbol 

Parameter 

Min. 

Max. 

Unit 

Test Conditions 

Vc 

Input Clamp Voltage 


-1 

V 

lc = -5 mA 

•cc 

Power Supply Current 


230 

mA 


If 

Forward Input Current 


-0.7 

mA 

V F = 0.45V 

Ir 

Reverse Input Current 


50 

pA 

V„ = v cc 

V 0 L 

Output Low Voltage 






Command Outputs 


0.5 

V 

Iql = 32 mA 


Control Outputs 


0.5 

V 

Iol = 16 mA 

V 0 H 

Output High Voltage 






Command Outputs 

2.4 


V 

Ioh = ~6 mA 


Control Outputs 

2.4 


V 

Ioh = -1 mA 

V,L 

Input Low Voltage 


0.8 

V 

* 

V,H 

Input High Voltage 

2.0 


V 


!qfjf 

Output Off Current 


100 

pA 

Voff = 0.4 to 5.25V 


A.C. CHARACTERISTICS (v cc = 5V ± 10 %, t a = o°c to 70°C)* 

TIMING REQUIREMENTS 


Symbol 

Parameter 

Min. 

Max. 

Unit 

Test Conditions 

TCLCL 

CLK Cycle Period 

100 


ns 


TCLCH 

CLK Low Time 

50 


ns 


TCHCL 

CLK High Time 

• 30 


ns 


TSVCH 

Status Active Setup Time 

35 


ns 


TCHSV 

Status Inactive Hold Time 

10 


ns 


TSHCL 

Status Inactive Setup Time 

35 


ns 


TCLSH 

Status Active Hold Time 

10 


ns 



* Note: For Extended Temperature EXPRESS the Preliminary Values are TCLCL= 125; TCLCH = 50; TCHCL = 30; 
TCVNX = 50; TCLLH, TCLMCH = 25; TSVLH, TSVMCH = 25. 
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A.C. CHARACTERISTICS (Continued) 

TIMING RESPONSES 


Symbol 

Parameter 

Min. 

Max. 

Unit 

Test Conditions 

TCVNV 

Control Active Delay 

5 

45 

ns 


TCVNX 

Control Inactive Delay 

10 

45 

ns 

TCLLH, 

TCLMCH 

ALE MCE Active Delay (from CLK) 


20 

ns 

TMHNL 

Command to DEN Delay (NOTE 1) 

TCLCH-5 


ns 

TSVLH, 

TSVMCH 

ALE MCE Active Delay (from 
Status) 


20 

ns 

TCHLL 

ALE Inactive Delay 

4 

15 

ns 

MRDC 

IORC Iol = 

39 mA 

TCLML 

Command Active Delay 

10 

35 

ns 

TCLMH 

Command Inactive Delay 

10 

35 

ns 

MWTC ^ 

TCHDTL 

Direction Control Active Delay 


50 

ns 

IOWC ► ,0H " 

-5 mA 

INTA 

Ci - 

TCHDTH 

Direction 'Control Inactive Delay 


30 

ns 

TAELCH 

Command Enable Time 


40 

ns 

AMWC 3 00 pF 

TAEHCZ 

Command Disable Time 


40 

ns 

AIOWC 

/ 

, Iol = 16 mA 
Other Ioh = -1 mA 

C L = 80 pF 

TAELCV 

Enable Delay Time 

115 

200 

ns 

TAEVNV 

AEN to DEN 


20 

ns 

TCEVNV 

CEN to DEN, PDEN 


25 

ns 

TCELRH 

CEN to Command 


TCLML 

ns 

TOLOH 

Output, Rise Time 


20 

ns 

From 0.8V to 2.0V 

TOHOL 

Output, Fall Time 


12 

ns 

From 2.0V to 0.8V 


Note 1. TMHNL is tested with DEN C L = 5 pF 


A.C. TESTING INPUT, OUTPUT WAVEFORM 


INPUT/OUTPUT 



A C TESTING INPUTS ARE DRIVEN AT 2 4V FOR A LOGIC “1” AND 0 45V 
FOR A LOGIC “0” THE CLOCK IS DRIVEN AT ,43V AND 0 25V TIMING 
MEASUREMENTS ARE MADE AT 1 5V FOR BOTH A LOGIC ”1” AND "0 ” 
INPUT RISE AND FALL TIMES ARE 5±2 NS , MEASURED BETWEEN 0 8V 
AND 2 0V 


TEST LOAD CIRCUITS— 3-STATE COMMAND OUTPUT TEST LOAD 


1.5V 



^ 300 pF 


3-STATE TO HIGH 



-■p 300 pF 


3-STATE TO LOW 


2 28V 




DEN OUTPUT 
TEST LOAD 
(TMHNL ONLY) 



ZrZ 300 pF 


COMMAND OUTPUT 
TEST LOAD 


2 28V 



CONTROL OUTPUT 
TEST LOAD 
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WAVEFORMS (Continued) 
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82188 

INTEGRATED BUS CONTROLLER FOR 
iAPX 86, 88, 186, 188 PROCESSORS 


■ Provides Flexibility in System 
Configurations 

— Supports 8087 Numerics 

Coprocessor in 80186 and 80188 
Systems 

— Provides a Low-cost Interface for 
8086, 8088 Systems to an 82586 LAN 
Coprocessor or 82730 Text 
Coprocessor 

■ Facilitates Interface to one or more 
Multimaster Busses 


■ Supports Multiprocessor, Local Bus 
Systems 

■ Allows use of 80186, 80188 High- 
Integration Features 

■ 3-State, Command Output Drivers 

■ Available in EXPRESS 

— Standard Temperature Range 
— Extended Temperature Range 


The 82188 Integrated Bus Controller (IBC) is a 28-pin HMOS III component for use with 80186, 80188, 8086 
and 8088 systems. The IBC provides command and control timing signals plus a configurable 
RQ/GT < — * HOLD-HLDA converter. The device may be used to interface an 8087 Numerics Coprocessor 
with an 80186 or 80188 Processor. Also, an 82586 Local Area Network (LAN) Coprocessor or 82730 Text 
Coprocessor may be interfaced to an 8086 or 8088 with the IBC. 


QSOI 

QS1I 

QSOO 

QSIO 

RESET 

HL.DA 

HOLD 

RQ/GTO 

SYSHOLD 

SYSHLDA 

RQ/GT1 

C SOUT 

CSIN 

Vss 


231051-1 



Figure 1. 

82188 Pin Configuration 


SRDY ARDY 



231051-2 


Figure 2. 

82188 Block Diagram 


Intel Corporation assumes no responsibility for the use of any circuitry other than circuitry embodied in an Intel product. No other circuit patent 
licenses are implied. Information contained herein supersedes previously published specifications on these devices from Intel. November 1984 
© Intel Corporation, 1 984. Order Number: 231051-002 
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PIN DESCRIPTIONS 


Symbol 

Pin No. 

Type 

Name and Function 

So 

27 

1 

Status Input Pins 


ST 

26 


30-32 correspond to the status pins of the CPU. 

32 

25 


The 821 88 uses the status lines to detect and 
identify the processor bus cycles. The 821 88 decodes 
30-32 to generate the command and control signals. 




36-32 are also used to insert 3 wait states into the SRO 




line during the first 256 801 86 bus cycles after RESET. 
A HIGH input on all three lines indicates that no bus 
activity is taking place. The status input lines contain 
weak internal pull-up devices. 




§2 

si 

so 

Bus Cycle Initiated 




0 

0 

0 

interrupt acknowledge 




0 

0 

1 

read I/O 




0 

1 

^0 

write I/O 




0 

1 

1 

halt 




1 

0 

0 

instruction fetch 




1 

0 

1 

read data from memory 




1 

1 

0 

write data to memory 




1 

1 

1 

x passive (no bus cycle) 

CLK 

15 

1 

CLOCK 






CLK is the clock signal generated by the CPU or clock 
generator device. CLK edges establish when signals are 




sampled and generated. 


RESET 

5 

1 

RESET 






RESET is a level triggered signal that corresponds to 
the system reset signal. The signal initializes an internal 
bus cycle counter, thus enabling the 82188 to insert 
internally generated wait states into the SRO signal 
during system initialization. The 82188 mode is also 


* 


determined during RESET. RD, WR, and DEN are driven 
HIGH during RESET regardless of AEN. RESET is 




active HIGH. 



SEN 

19 

1 

Address Enable 






This signal enables the system command lines when 




active. If AEN is inactive (HIGH), RD, WR, andJDEN will 
be tri-stated and ALE will be driven LOW (DT/R will not 




be effected). AEN is an asynchronous signal and is 




active LOW. 



ALE 

24 

o 

Address Latch Enable 


. 



This signal is used to strobe an address into address 
latches. ALE is active HIGH and latch should occur on 
the HIGH to LOW transition. ALE is intended for use 
with transparent D-type latches. 

DEN 

21 

0 

Data Enable 






This signal is used to enable data transceivers located 




on either the local or system data bus. The signal is 
active LOW. DEN is tri-stated when AEN is inactive. 

DT/fi 

20 

0 

1 Data TRANSMIT/RECEIVE 





This signal establishes the direction of data flow through 
the data transceivers. A HIGH on this line indicates 
TRANSMIT (write to I/O or memory) and a LOW 
indicates RECEIVE (Read from I/O or memory). 
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PIN DESCRIPTIONS (Continued) 




Type 

Name and Function 

RD 

23 

0 

READ 

This signal instructs an I/O or memory device to drive its data onto 
the data bus. The RD signal is similiar to the RD signal of the 
80186(80188) in Non-Queue-Status Mode. RD is active LOW and is 
tri-stated when AEN is inactive. 

WR 

22 

0 

WRITE 

This signal instructs an I/O or memory device to record the data 
presented on the data bus. The WR signal is similiar to the WR signal 
of the 80186(80188) in Non-Queue-Status Mode. WR is active LOW 
and is tri-stated when AEN is inactive. 


7 

0 

HOLD 

The HOLD signal is used to request bus control from the 801 86 or 
801 88. The request can come from either the 8087 (RQ/GTO) or 
from the third processor (SYSHOLD). The signal is active HIGH. 

HLDA 

6 

1 

HOLD Acknowledge 

80186 MODE-This line serves to translate the HLDA output of the 
80186(80188) to the appropriate signal of the device requesting the 
bus. HLDA going active (HIGH) indicates that the 80186 has 
relinquished the bus. If the requesting device is the 8087, HLDA will 
be translated into the grant pulse of the RQ/GTO line. If the 
requesting device is the optional third processor, HLDA will be / 
routed into the SYSHLDA line. 

This pin also determines the mode in which the 82188 will operate. If 
this line is HIGH during the falling edge of RESET, the 821 88 will 
enter the 8086 mode. If LOW, the 821 88 will enter the 801 86 mode. 
For 8086 mode, this pin should be strapped to Vcc- 

HG/QTO 

8 

I/O 

Request/Grant O 

RQ/GTO is connected to RQ/GTO of the 8087 Numeric 
Coprocessor. When initiated by the 8087, RQ/GTO will be translated 
to HOLD-HLDA to acquire the bus from the 80186(80188). This line 
is bidirectional, and is active LOW. RQ/GTO has a weak internal 
pull-up device to prevent erroneous request/grant signals. 

RG/5T1 

11 

I/O 

Request/Grant 1 

80186 Mode-In 80186 Mode, RQ/GT1 allows a third processor to 
take control of the local bus when the 8087 has bus control. For a 
HOLD-HLDA type third processor, the 821 88’s RQ/GT1 line should 
be connected to the RQ/GT 1 line of the 8087. 

* 8086 MODE -In 8086 Mode, RQ/GTl is connected to either RQ/ 
GTO or RQ/GTl of the 8086. RQ/GTl will start its request/grant . 
sequence when the SYSHOLD line goes active. In 8086 Mode, RQ/ 
GT 1 is used to gain bus control from the 8086 or 8088. 

RQ/GT 1 is a bidirectional line and is active LOW. This line has a 
weak internal pull-up device to prevent erroneous request/grant 
signals. 


231051-002 


3-259 




















82188 




PIN DESCRIPTIONS (Continued) 



Name and Function 


System Hold 

80186 MODE-SYSHOLD serves as a hold input for an optional third 
processor in an 801 86(801 88)-8087 system. If the 80186(80188) 
has bus control, SYSHOLD will be routed to HOLD to gain control of 
the bus. If the 8087 has bus control, SYSHOLD will be translated to 
R5/ST 1 to gain control of the bus. 

8086 MODE-SYSHOLD serves as a hold input for a coprocessor in 
an 8086 or 8088 system. SYSHOLD is translated to R5/3T1 of the 
821 88 to allow the coprocessor to take control of the bus. 

SYSHOLD may be an asynchronous signal. 


System Hold Acknowledge 

SYSHLDA serves as a hold acknowledge line to the processor or 
coprocessor connected to it. The device connected to the 
SYSHOLD-SYSHLDA lines is allowed the bus when SYSHLDA goes 
active (HIGH). 


Synchronous Ready 

The SRDY input serves the same function as SRDY of the 
80186(80188). The 82188 combines SRDY with-ARDY to form a 
synchronized ready output signal (SRO). SRDY must be 
synchronized external to the 82188 and is active HIGH. If tied to 
Vcc. SRO will remain active (HIGH) after the first 256 801 86 cycles 
following RESET. If only ARDY is to be used, SRDY should be tied 
LOW. 


Asynchronous Ready 

The ARDY input serves the same function as ARDYof the 
80186(80188). ARDY may be an asynchronous input, and is active 
HIGH. Only the rising edge of ARDY is synchronized by the ,821 88. 
The falling edge must be synchronized external to the 82188. If 
connected to Vcc. SRO will remain active (HIGH) after the first 256 
80186 bus cycles following RESET. If only SRDY is to be used, 
ARDY should be connected LOW. 


Synchronous READY Output 

SRO provides a synchronized READY signal which may be 
interfaced directly with the SRDY of the 80186(80188) and READY 
of the 8087. The SRO signal is an accumulation of the synchronized 
ARDY signal, the SRDY signal, and the internally generated wait 
state signal. 


Queue-Status Inputs 

QS0I, QS1 1 are connected to the Queue-Status lines of 
the 80186(80188) to allow synchronization of the queue-status 
signals to 8087 timing requirements. 


Queue-Status Outputs 

QSOO, QSIO are connected to the queue-status pins of 

the 8087. The signals produced meet 8087 Queue-Status input 

requirements. 
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PIN DESCRIPTIONS (Continued) 


Symbol 

Pin No. 

Type 

Name and Function 

CSiN 

13 

1 

Chip-Select Input 

CSiN is connected to one of the chip-select lines of the 
80186(80188). CSIN informs the 82188 that a bank select is taking 
place. The 82188 routes this signal to the chip-select output 
(CSOUT). CSIN is active LOW. This line is not used when memory 
and I/O device addresses are decoded external to the 
80186(80188). 


12 

0 

Chip-Select Output 

This signal is used as a chip-select line for a bank of memory 
devices. It is active when CSiN is active or when the 8087 has bus 
control. CSOUT is active LOW. 


FUNCTIONAL DESCRIPTION 

BUS CONTROLLER 

The 82188 Integrated Bus Controller (IBC) gener- 
ates system control and command signals. The sig- 
nals generated are determined by the Status Decod- 
ing Logic. The bus controller logic interprets status 
lines S0-S2 to determine what type of bus cycle is 
taking place. The appropriate signals are then gen- 
erated by the Command and Control Signal Genera- 
tors. 

The Address Enable (AEN) line allows the comm and 
and control signals to be disabled. Whe n AEN is in- 
active (HIGH), the command signals and DEN will be 
tri-stated, a nd AL E will be held low (DT/R will be 
uneffected). AEN inactive will allow other systems to 
take control of the bus. Contro l and command sig- 
nals respond to a change in the AEN signal within 40 
ns. 

The command signals consist of RD and WR. The 
821 88’s RD and WR signals are similiar to RD and 
WR of the 80186(80188) in the non-Queue-Status 
Mode. These command signals dojiot differentiate 
between memory and I/O devices. RD and WR can 
be conditioned by S2 of the 80186(80188) to obtain 
separate signals for I/O and memory devices. 

The control commands consist erf Data Enable 
(DEN), Data Transmit/Receive (DT/R), and Address 
Latch Enable (ALE). The control commands are sim- 
iliar to those generated by the 80186(80188). DEN 
determines when the external_bus should be en- 
abled onto the local bus. DT/R determines the di- 
rection of the data transfer, and ALE determines 
when the address should be strobed into the latches 
(used for demultiplexing the address bus). 


MODE SELECT 

The 82188 Integrated Bus Controller (IBC) is config- 
urable. The device has two modes: 80186 Mode and 
8086 Mode. Selecting the mode of the device con- 
figures the Bus Arbitration Logic (see BUS ARBI- 
TRATION section for details). In 80186 Mode, the 
82188 IBC may be used as a bus controller/ inter- 
face device for an 80186(81088), 8087, and optional 
third processor system. In 8086 Mode, the 82188 
IBC may be used as an interface device allowing a 
maximum mode 8086(8088) to interface with a co- 
processor that uses a HOLD-HLDA bus exchange 
protocol. 

The mode of the 82188 is determined during RE- 
SET. If the HLDA line is LOW at the falling edge of 
RESET (as in the case when tied to the HLDA line of 
the 80186 or 80188), the 82i88 will enter into 80186 
Mode. If the HLDA line is HIGH at the falling edge of 
RESET, the 82188 will enter 8086 Mode. In 8086 
Mode, only the Bus Arbitration Logic is used. The 
eight pins used in 8086 Mode are: SYSHOLD, 
SYSHLDA, HLDA, CLK, RESET, RQ/GT1, V C c, and 
Vss- The other pins may be left unconnected. 

BUS ARBITRATION 

The Bus Exchange Logic interfaces up to three sets 
of bus exchange signals: 

• HOLD-HLDA 

• SYSHOLD-SYSHLDA 

• RQ/GT0 (RQ/GTl) 

This logic executes translating, routing, and arbitrat- 
ing functions. The logic translates HOLD-HLDA sig- 
nals to RQ/GT signals and RQ/GT signals to 
HOLD-HLDA signals. The logic also determines 
which set of bus exchange signals are to be inter- 
faced. The mode of the 82188 and the priority of the 
devices requesting the bus determine the routing of 
the bus exchange signals. 
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80186 MODE 

In 80186 Mode, a system may have three potential 
bus masters: the 80186 or 80188 CPU, the 8087 
Numerics Coprocessor, and a third processor (such 
as the 82586 LAN or 82730 Text Coprocessor). The 
third processor may have either a HOLD-HLDA or 
RO/GT bus exchange protocol. The possible bus 
exchange signal connections and paths for 80186 
Mode are shown in Figures 3 & 4 and Tables 1 & 2, 
respectively. If no HOLD-HLDA type third processor 
is used, SYSHOLD should be tied LOW to prevent 
an erroneous SYSHOLD signal. In 80186 mode, the 
bus priorities are: 

Highest Priority Third Processor 

Second Highest Priority 8087 

Default Priority 80186 


— THREE-PROCESSOR SYSTEM OPERATION 
(HOLD-HLDA TYPE THIRD PROCESSOR) 

In the configuration shown in Figure 3, the third proc- 
essor requests the bus by sending SYSHOLD HIGH. 
The 82188 will route (and translate if necessary) the 
request to the current bus master. This includes 
routing the request to HOLD if the 80186(80188) is 
the current bus master or routing and translating the 
request to RQ/GT1 if the 8087 is in control of the 
bus. The third processor’s request is not passed 
through the 8087 if the 80186 is the bus master (see 
Table 1). 

The 8087 requests the bus using RG/STO. The re- 
quest pulse from the 8087 will be translated and 
routed to HOLD if the 80186 is the bus master. If the 
third processor has control of the bus, the grant 
pulse to the 8087 will be delayed until the third proc- 
essor relinquishes the bus (sending SYSHOLD 
LOW). In this case, HOLD will remain HIGH during 
the third processor-to-8087 bus control transfer. The 
80186 will not be granted the bus until both coproc- 
essors have released it.' 


Table 1. Bus Exchange Paths (80186 Mode) (HOLD-HLDA Type 3rd Proc) 


Requesting 

Device 

Current Bus Master 

80186 

8087 

3rd Proc 

80186 

n/a 

n/a 

n/a 

8087 

— _ HOLD 

RQ/GTO ♦ * HLOA 

n/a 

n/a 


SYSHOLD HOLD 

SYSH0LD t t no/cTi 

n/a 

SYSHLDA < * HLDA 

SYSHLDA 


82188 8087 


3 rd PROC 
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HLDA 

HOLD 


HOLD 

RQ/GTO 

HLDA 


RQ/GTO 


SYSHLDA 

RQ/GT1 

SYSHOLD 

RQ/GT1 



80186 

HOLD 

HLDA 


Figure 3. 

Bus Exchange Signal Connections (80186 Mode) for a Three Local Processor System 
(HOLD-HLDA Type 3rd Proc) 
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Table 2. Bus Exchange Paths (80186 Mode) (RQ/GT Type 3rd Proc) 


Requesting 
• Device 

Current Bus Master 

80186 

8087 

3rd Proc 

80186 

n/a 

n/a 

n/a 

8087 

RQ/ST0 ♦ * HLDA 

n/a 

n/a 

3rd Proc 

RQ/GTl RQ/ST0 «— ► 

HLDA 

rq/5ti 

n/a 


80186 


82188 


8087 

3 rd PROC 




HOLD 

HLDA 

RQ/GTO 







HLDA 










RQ/GTO 

RQ/GTl 









RQ/GTl 




r - 

SYSHOLD 

rQ/gti 

— NC 









- 
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Figure 4. 

Bus Exchange Signal Connections (80186 Mode) for a Three Local Processor System 

(RQ/GT Type 3rd Proc) 


When the bus is requested from the 80186(80188), 
a bus priority decision is made. This decision is 
made when the HLDA line goes active. Upon receipt 
of the HLDA signal, the highest-priority requesting 
device will be acknowledged the bus. For example, if 
the 8087 initially requested the bus, the bus will be 
granted to the third processor if SYSHOLD became 
active before HLDA was received by the 82188. In 
this case, the grant pulse to the 8087 will be delayed 
until the third processor relinquishes the bus. 

— THREBPROCESSOR SYSTEM OPERATION 
(RQ/GT TYPE THIRD PROCESSOR) 

In the configuration shown in Figure 4, the third proc- 
essor requests the bus by initiating a request/grant 
sequence with the 8087’s RQ/GT1 line. The 8087 
will grant the bus if it is the current bus master or will 
pass the request on if the 80186 is the current bus 
master (see Table 2). In this configuration, the 
82188’s Bus Arbitration Logic translates RQ/GT0 to 
HOLD-HLDA. The 8087 provides the bus arbitration 
in this configuration. 


8086 MODE 

The 8086 Mode allows an 8086, 8088 system to 
contain both RQ/5T and HOLD-HLDA type coproc- 
essors simultaneously. In 8086 Mode, two possible 
bus masters may be interfaced by the 82188; an 
8086 or 8088 CPU and a coprocessor which uses a 
HOLD-HLDA bus exchange protocol (typically an 
82586 LAN Coprocessor or an 82730 Text Coproc- 
essor). The bus exchange signal connections for 
8086 Mode are shown in Figure 5. Bus arbitration 
signals used in the 8086 Mode are: 

• RQ/GTl 

• SYSHOLD 

• SYSHLDA 

In 8086 Mode, no arbitration is necessary since only 
two devices are interfaced. The coprocessor has 
bus priority over the 8086(8088). SYSHOLD- 
SYSHLDA are routed and translated directly to RQ/ 
GT1. RQ/GTl of the 82188 may be tied to either 
RQ/GT0 or RQ/GTl of the 8086(8088). 
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Figure 5. Bus Exchange Signal Connections (8086 Mode) 


QUEUE-STATUS DELAY 

The Queue-Status Delay logic is used to delay the 
queue-status signals from the 801 86(801 88) to meet 
8087 queue-status timing requirements. QSOI, QS1I 
correspond to the queue-status lines of the 
80186(80188). The 82188 delays these signals by 
one clock phase. The delayed signals are interfaced 
to the 8087 queue-status lines by QSOO, QS10. 


READY 

The Ready logic allows two types of Ready signals: 
a Synchronous Ready Signal (SRDY) and an Asyn- 
chronous Ready Signal (ARDY). These signals are 
similiar to SRDY and ARDY of the 80186. Wait 
states will be inserted when both SRDY and ARDY 
are LOW. Inserting wait states allows slower memo- 
ry and I/O devices to be interfaced to the 
801 86(801 88J-8087 system. 


CHIP-SELECT 

The Chip-Select Logic allows the utilization of the 
chip select circuitry of the 80186(80188). Normally, 
this circuitry could not be used in an 80186(80188)- 
8087 system since the 8087 contains no chip select 
circuitry. The Chip-Select Logic co ntains two exter- 
nal connection s: Chip-S e lect Inpu t (CSIN) and Chip- 
Sele ct Ou tput (CSOUT). CSOUT is active when ei- 
ther CSIN is active or when the 8087 has control of 
the bus. 

By using CSOUT to select memory containing data 
structures, no external decoding is necessary. The 
80186 may gain access to this memory bank 
through the CSIN line while the 8087 will automati- 
cally obtain access when it becomes the bus mas- 
ter. Note that this configuration limits the amount of 
memory accessible by th e 8087 to the physical 
memory bank selected by CSOUT. Systems where 
the 8087 must access the full 1 Megabyte address 
space must use an external decoding scheme. 


ARDY’s LOW-to-HIGH transition is synchronized to 
the CPU clock by the 82188. The 82188 samples 
ARDY at the beginning of T2, T3 and Tw until sam- 
pled HIGH. Note that ARDY of the 82188 is sampled 
one phase earlier than ARDY of the 80186. ARDY’s 
falling edge must be synchronous to the CPU clock. 
ARDY allows an easy interface with devices that 
emit an asynchronous ready signal. 

The SRDY signal allows direct interface to devices 
that emit a synchronized ready signal. SRDY must 
be synchronized to the CPU clock for both of its 
transitions. SRDY is sampled in the middle of T2, T3 
and ir> the middle of each Tw. An 82188- 
801 86(801 88)’s SRDY setup time is 30 ns longer 
than the 801 86(801 88)’s SRDY setup time. SRDY 
eliminates the half-clock cycle penalty necessary for 
ARDY to be internally sychronized. 

The sychronized ready output (SRO) is the accumu- 
lation of SRDY, ARDY, and the internal wait-state 
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generator. SRO should be connected to SRDY of 
the 80186(80188) (with 801 86(801 88)’s ARDY tied 
LOW), and READY of the 8087. 


SRDY 

ARDY 

SRO 

0 

0 

0 

1 

X 

1 

X 

1 

1 


The internal wait state generator allows for synchro- 
nization between the 80186(80188) and 8087 in 
80186 mode. Upon RESET, the 82188 automatically 
inserts 3 wait-states per 80186(80188) bus cycle, 
overlapped with any externally produced wait-states 
created by ARDY and SRDY. 

Since the 8087 has no provision for internal wait- 
state generation, only externally created wait states 
will be effective. The 82188, upon RESET, will inject 
3 wait states for each of the first 256 80186(80188) 
bus cycles onto the SRO line. This will allow the 
8087 to match the 801 86(801 88)’s timing. 

The internally-generated wait states are overlapped 
with those produced by the SRDY and ARDY lines. 
Overlapping the injected wait states insures a mini- 
mum of three wait states for the first 256 
80186(80188) bus cycles after RESET. Systems 
with a greater number of wait states will not be ef- 
fected. Internal wait state generation by the 82188 
will stop on the 256th 80186(80188) bus cycle after 
RESET. To maintain sychronization between the 
80186(80188) and 8087, the following conditions 
are necessary: 


• The 801 86(801 88)’s control block must be map- 
ped in I/O space before it is written to or read from. 

• All memory chip-select lines must be set to 0 
WAIT STATES, EXTERNAL READY ALSO USED 
within the first 256 80186(80188) bus cycles after 
RESET. 

An equivelant READY logic diagram is shown in Fig- 
ure 6. 


SYSTEM CONSIDERATIONS 

In any 82188 configuration, clock compatibility must 
be considered. Depending on the device, a 50% or a 
33% duty-cycle clock is needed. For example, the 
80186 and 80188 (as well as the 82188, 82586, and 
82730) requires a 50% duty-cycle clock. The 8086, 
8088 and their ‘kit’ devices\(8087, 8089, 8288, and 
8289) clock requirements, on the other hand, require 
a 33% duty-cycle clock signal. The system designer 
must make sure clock requirements of all the devic- 
es in the system are met. 

Figures 7 & 8 show two system configurations using 
the 82188. Figure 7 demonstrates the usage of the 
82188 in 80186 Mode where it is used to interface 
an 8087 into an 80186 system. Figure 8 demon- 
strates the usage of the 82188 in 8086 Mode where 
it is used to convert the HOLD-HLDA bus exchange 
protocol of the 82586 to the RQ/GT bus exchange 
protocol of the 8086. 



Figure 6. 

Equivalent 82188 READY circuit 
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Figure 7. 

80186-6/8087-2 System Using the 82188 in 80186 Mode 













Figure 8. 

8086-1/82586 System using the 82188 in 8086 Mode 
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ABSOLUTE MAXIMUM RATINGS * 


Temperature under bias 
Storage temperature 

Voltage on any pin with 
respect to GND 

Power Dissipation 


0°C to 70°C 
— 65°Cto 150°C 
-1.0V to 7.0V 

0.7 Watts 


DC CHARACTERISTICS 

(Vcc = 5V ± 10%, T a = 0°c to 70°C) 


♦NOTICE: Stresses above those listed under ABSO- 
LUTE MAXIMUM RATINGS may cause permanent 
damage to the device. This is a stress rating only 
and functional operation of the device at these or 
any other conditions above those indicated in the 
operational sections of this specification is not im- 
plied. Exposure to absolute maximum rating condi- 
tions for extended periods may affect device reliability. 


Symbol 

Parameter 


Max 

Units 

Test Cond. 

V|L 

Input Low Voltage 

-0.6 

+ 0.8 

volts 


V|H 

Input High Voltage 

2.0 

Vcc + 0.5 

volts 


VOL 

Output Low Voltage 


0.45 

volts 

Iql = 2 mA 

VoH 

Output High Voltage 

2.4 


volts 

HBBSH 

ice 

Power Supply Current 


100 

mA 

Ta = 25®C 

Ili 

Input Leakage Current 


±10 

/ulA 

OV<V| N <Vcc 

Ilo 

Output Leakage Current 


±10 

]llA 

0.45 <VouT < Vcc 

VcLI 

CLK Input Low Voltage 

-0.5 

+ 0.6 

volts 


VCHI 

CLK Input High Voltage 

3.9 

Vcc + 1 -0 

volts 


C|N 

Input Capacitance 


10 

PF 


C|Q 

I/O Capacitance 


20 

PF 



AC CHARACTERISTICS 

(Vcc = 5V ± 10%, T a = 0°C to 70°C) 

TIMING REQUIREMENTS 


Symbol 

Parameter 

Min 

Max 

Unlts^ 

Notes 

TCLCL 

Clock Period 

125 

500 

ns 


TCLCH 

Clock LOW Time 

V 2 TCLCL-7.5 


ns 


TCHCL 

Clock HIGH Time 

ViTCLCL-7.5 


ns 


TARYHCL 

ARDY Active Setup Time 

20 


ns 

9.2 

TCHARYL 

ARDY Hold Time 

15 


ns 

8 

TARYLCH 

ARDY Inactive Setup Time 

35 


ns 


TSRYHCL 

SRDY Input S^tup Time 

65,50 


ns 

\ 

1 

TSVCH 

STATUS Active Setup Time 

55 


ns 


TSXCL 

STATUS Inactive Setup Time 

50 


ns 

BMW 

TQIVCL 

QS0I, QS1 1 Setup Time 

10 


ns 


THAVGV 

HLDA Setup Time 

50 


ns 


TSHVCL 

SYSHOLD Asynchronous Setup Time 

25 


ns 


TGVCH 

RQ/GT Input Setup Time 

0 


ns 
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TIMING RESPONSES 



Parameter 


Max 

Units 

Notes 

TSVLH 

STATUS Valid to ALE Delay 


30 

ns 

4 

TCHLL 

ALE Inactive Delay 


30 

ns 


TCLML 

RD, WR Active Delay 

0 

70 

ns 



RD, WR Inactive Delay 

0 

55 

ns 


TSVDTV 

STATUS to DT/R Delay 

0 

30 

ns 

3 

TCLDTV 

DT/R Active Delay 

0 

55 

ns 

3 

TCHDNV 

DEN Active Delay 

0 

55 

ns 


TCHDNX 

DEN Inactive Delay 

5 

55 

ns 


TCLQOV 

QSOO, QSIO Delay 

5 

50 

ns 

j 

TCHHV 

HOLD Delay 


50 

ns 

2,6 

TCLSAV 

SYSHLDA Delay 


50 

ns 

6 

TCLGV 

RQ/GT Output Delay 


40 

ns 

6 

TGVHV 

R5/ST0 To HOLD Delay 


50 

ns 

2,6 

TCLLH 

ALE Active Delay 

0 


ns 

4 

TAELCV 

Command Enable Delay 


40 

ns 


TAEHCX 

Command Disable Delay 


40 

ns 


TCHRO 

SRO Output Delay 

5 

30 

ns 

5,6 

TSRYHRO 

SRDYTo SRO Delay 


30 

ns 

5 

TSCICSO 

CSIN ToCSOUT Delay 


30 

ns 



NOTES (applicable to both spec listing and timing diagrams): 

1. TSRYHOL = (80186’s) TSRYCL + 30 ns =65 ns for 6 MHz operation and 50 ns for 8 MHz operation. 

2. Timing not tested. 

3. DT/R will be asserted to the latest of TSVDTV & TCLDTV. 

4. ALE will be asserted to the latest of TSVLH & TCLLH. 

5. SRO will be asserted to the latest of TCHRO & TSRYHRO. 

6. CL = 20-100 pF 

7. Address/ Data bus shown for reference only. 

8. The falling edge of ARDY must be synchronized to CLK. 

9. To guarantee recognition at next falling clock edge. 

A.C. Testing Input, Output Waveform A.C. Testing Load Circuit 
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Command and Control Waveforms- 80 186 Mode 



3-2 





82188 


mBUBm&M 


inter 



3-271 






inteT 


82188 


mmjmMAm 



SYSHOLD-SYSHLDA To HOLD-HLDA Timing-80186 Mode 
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8289/8289-1 
BUS ARBITER 


■ Provides Multi-Master System Bus 
Protocol 

■ Synchronizes iAPX 86, 88 Processors 
with Multi-Master Bus 

■ 10MHz Version, 8289-1, Fully Compatible 
with 10MHz iAPX 86 or 8MHz iAPX 186 
Based Systems 

■ Provides Simple Interface with 8288 
Bus Controller 


■ Four Operating Modes for Flexible 
System Configuration 

■ Compatible with Intel Bus Standard 
MULTIBUS™ 

■ Provides System Bus Arbitration for 
8089 IOP in Remote Mode 

■ Available in EXPRESS 

- Standard Temperature Range 

- Extended Temperature Range 


The Intel 8289 Bus Arbiter is a 20-pin, 5-volt-only bipolar component for use with medium to large iAPX 86, 88 multi- 
master/multiprocessing systems. The 8289 provides system bus arbitration for systems with multiple bus masters, such as 
an 8086 CPU with 8089 IOP in its REMOTE mode, while providing bipolar buffering and drive capability. 


8086/8088/8089 

STATUS 


Si 

Si 

55 


PROCESSOR 

CONTROL 


LOCK 

CLK 

CRQLCK 

RESB 

ANYRQST 

IOB 



+ 5V 


INff 

BCLR 

BREQ 

BPRN 

BPRO 

BUSY 

CBRQ 


MULTIBUS™ 

COMMAND 

SIGNALS 


. SYSTEM 
SIGNALS 


Figure 1. Block Diagram 
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PROCESSOR I 
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CONTROL/ 

STRAPPING 

OPTIONS 





SO 

— 

SI 

1- 

S2 


LOCK 

— ► 

CLK 8289 

— 

CRQLCK 

— ► 

RESB 

— ► 

ANYRQST 


TOB 


iNIT 

BCLK 

BREQ 

BPRN 

BPRO 


MULTIBUS 

INTERFACE 


CBRQ 


SYSB/RESB \ SYSTEM 
AEN / SIGNALS 


Figure 2. Pin Diagram 


Figure 3. Functional Pinout 
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Table 1. Pin Description 


Symbol 

Type 

Name and Function 

Vcc 


Power: +5V supply ±10%. 

GND 


Ground. 

S0,S1,S2 

1 

Status Input Pins: The status input pins 
from an 8086, 8088 or 8089 processor. The 
8289 decodes these pins to initiate bus re- 
quest and surrender actions. (See Table 2.) 

CLK 

1 

Clock: From the 8284 clock chip and 
serves to establish when bus arbiter ac- 
tions are initiated. 

LOCK 

1 

Lock: A processor generated signal which 
when activated (low) prevents the arbiter 
from surrendering the multi-master system 
bus to any other bus artiter, regardless of 
its priority. 

CRQLCK 


Common Request Lock: An active low 
signal which prevents the arbiter from sur- 
rendering the multi-master system bus to 
any other bus arbiter requesting the bus 
through the CBRQ input pin. 

RESB 

1 

Resident Bus: A strapping option to con- 
figure the arbiter to operate in systems hav- 
ing both a multi-master system bus and a 
Resident Bus. Strapped high, the multi- 
master system bus is requested or surren- 
dered as a function of the SYSB/RESB 
input pin. Strapped low, the SYSB/RESB 
input is ignored. 

ANYRQST 

1 

Any Request: A strapping option which 
permits the multi-master system bus to be 
surrendered to a lower priority arbiter as if 
it were an arbiter of higher priority (i.e., 
when a lower priority arbiter requests the 
use of the multi-master system bus, the bus 
is surrendered as soon as it is possible). 
When ANYRQST is strapped low, the bus is 
surrendered according to Table 2. If ANY- 
RQST is strapped high and CBRQ is ac- 
tivated, the bus is surrendered at the end of 
the present bus cycle. Strapping CBRQ low 
and ANYRQST high forces the 8289 arbiter 
to surrender the multi-master system bus 
after each transfer cycle. Note that when 
surrender occurs BREQ is driven false 
(high). 

IOB 

1 

10 Bus: A strapping option which confi- 
gures the 8289 Arbiter to operate in sys- 
tems having both an 10 Bus (Peripheral 
Bus) and a multi-master system bus. The 
arbiter requests and surrenders the use of 
the mulii-master system bus as a function 
of the status line, §2. The multi-master sys- 
tem bus is permitted to be surrendered 
while the processor is performing 10 com- 
mands and is requested whenever the pro- 
cessor performs a memory command. 
Interrupt cycles are assumed as coming 
from the peripheral bus and are treated as 
an 10 command. 


Symbol 

Type 

Name and Function 

AEN 

0 

Address Enable: The output of the 8289 
Arbiter to the processor’s address latches, 
to the 8288 Bus Controller and 8284A 
Clock Generator. AEN serves to instruct the 
Bus Controller and address latches when 
to tri-state their output drivers. 

SYSB/ 

RESB 

1 

System Bus/Resident Bus: An input 
signal when the arbiter is configured in the 
S.R. Mode (RESB is strapped high) which 
determines when the multi-master system 
bus is requested and multi-master system 
bus surrendering is permitted. The signal 
is intended to originate from a form of 
address-mapping circuitry, as a decoder or 
PROM attached to the resident address 
bus. Signal transitions and glitches are 
permitted on this pin from </>1 ofT4to</>1 of 
T2 of the processor cycle. During the 
period from <f> 1 of T2 to </> 1 of T4, only clean 
transitions are permitted on this pin (no 
glitches). If a glitch occurs, the arbiter may 
capture or miss it, and the multi-master 
system bus may be requested or surren- 
dered, depending upon the state of the 
glitch. The arbiter requests the multi- 
master system bus in the S.R. Mode when 
the state of the SYSB/RESB pin is high and 
permits the bus to be surrendered when 
this pin is low. 

CBRQ 

I/O 

Common Bus Request: An input signal 
which instructs the arbiter if there are any 
other arbiters of lower priority requesting 
the use of the multi-master system bus. 

The CBRQ pins (open-collector output) of 
, all the 8289 Bus Arbiters which surrender 
to the multi-master system bus upon re- 
quest are connected together. 

The Bus Arbiter running the current trans- 
fer cycle will not itself pull the CBRQ line 
low. Any other arbiter connected to the 
CBRQ line can request the multi-master 
system bus. The arbiter presently running 
the current transfer cycle drops its BREQ 
signal and surrenders the bus whenever 
the proper surrender conditions exist. 
Strapping CBRQ low and ANYRQST high 
allows the multi-master system bus to be 
surrendered after each transfer cycle. See 
the pin definition of ANYRQST. 

TnTt 

1 

Initialize: An active low multi-master sys- 
tem bus input signal used to reset all the 
bus arbiters on the multi-master system 
bus. After initialization, no arbiters have 
the use of the multi-master system bus. 
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Table 1. Pin Descriptions (Continued) 


Symbol 

Type 

Name and Function 

BPRO 

0 

Bus Priority Out: An active low output 
signal used in the serial priority resolving 
scheme where BPRO is daisy-chained to 
BPRN of the next lower priority arbiter. 

BUSY 

I/O 

Busy: An active low open collector 
multi-master system bus interface signal 
used to instruct all the arbiters on the bus 
when the multi-master system bus is avail- 
able. When the multi-master system bus is 
available the highest requesting arbiter 
(determined by BPRN) seizes the bus and 
pulls BUSY low to keep other arbiters off of 
the bus. When the arbiter is done with the 
bus, it releases the BUSY signal, permitting 
it to go high and thereby allowing another 
arbiter to acquire the multi-master system 
bus. 


Symbol 

Type 

Name and Function 

BCLK 

1 

Bus Clock: The multi-master system bus 
clock to which all multi-master system bus 
interface signals are synchronized. 

BREQ 

0 

Bus Request: An active low output signal 
in the parallel Priority Resolving Scheme 
which the arbiter activates to request the 
use of the multi-master system bus. 

BPRN 

1 

Bus Priority In: The active low signal re- 
turned to the arbiter to instruct it that it may 
acquire the multi-master system bus on the 
next falling edge of BCLK. BPRN indicates 
to the arbiter that it is the highest priority 
requesting arbiter presently on the bus. 
The loss of BPRN instructs the arbiter that 
it has lost priority to a higher priority 
arbiter. 


FUNCTIONAL DESCRIPTION 

The 8289 Bus Arbiter operates in conjunction with the 
8288 Bus Controller to interface iAPX 86, 88 processors to 
a multi-master system bus (both the iAPX 86 and iAPX 88 
are configured in their max mode). The processor is un- 
aware of the arbiter’s existence and issues commands as 
though it has exclusive use of the system bus. If the pro- 
cessor does not have the use of the multi-master system 
bus, the arbiter prevents the Bus Controller (8288), the 
data transceivers and the address latches from accessing 
the system bus (e.g. all bus driver outputs are forced into 
the high impedance state). Since the command sequence 
was not issued by the 8288, the system bus will appear as 
“Not Ready’’ and the processor will enter wait states. The 
processor will remain in Wait until the Bus Arbiter ac- 
quires the use of the multi-master system bus whereupon 
the arbiter will allow the bus controller, the data transceiv- 
ers, and the address latches to access the system. Typi- 
cally, once the command has been issued and a data 
transfer has taken place, a transfer acknowledge (XACK) 
is returned to the processor to indicate “READY” from the 
accessed slave device. The processor then completes its 
transfer cycle. Thus the arbiter serves to multiplex a pro- 
cessor (or bus master) onto a multi-master system bus and 
avoid contention problems between bus masters. 

Arbitration Between Bus Masters 

In general, higher priority masters obtain the bus when a 
lower priority master completes its present transfer 
cycle. Lower priority bus masters obtain the bus when a 
higher priority master is not accessing the system bus. 
A strapping option (ANYRQST) is provided to allow the 
arbiter to surrender the bus to a lower priority master as 
though it were a master of higher priority. If there are no 
other bus masters requesting the bus, the arbiter main- 
tains the bus so long as its processor has not entered 


the HALT State. The arbiter will not voluntarily surrender 
the system bus and has to be forced off by another 
master’s bus request, the HALT State being the only ex- 
ception. Additional strapping options permit other 
modes of operation wherein the multi-master system 
bus is surrendered or requested under different sets of 
conditions. 


Priority Resolving Techniques 

Since there can be many bus rhasters on a multi-master 
system bus, some means of resolving priority between 
bus masters simultaneously requesting the bus must be 
provided. The 8289 Bus Arbiter provides several resolv- 
ing techniques. All the techniques are based on a priori- 
ty concept that at a given time one bus master will have 
priority above all the rest. There are provisions for using 
parallel priority resolving techniques, serial priority 
resolving techniques, and rotating priority techniques. 


PARALLEL PRIORITY RESOLVING 

The parallel priorit y reso lving technique uses a separate 
bus request line (BREQ) for each arb iter on thejmulti- 
master system bus, see Figure 4. Each BREQ line enters 
into a priority encoder whic h gene rates the binary ad- 
dress of the highest priority BREQ line which is active. 
The binary address is dec oded by a decoder to select 
the corresponding BPRN (Bus Priority In) line to be 
returned to the highest pri ority r equesting arbiter. The 
arbiter receiving priority (BPRN true) then allows its 
associated bus master onto the multi-master system 
bus as soon as it becomes available (i.e., the bus te no 
longer busy). When one bus arbiter gains priority over 
another arbiter it cannot immediately seize the bus, it 
must wait until the present bus transaction is complete. 
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Upon completing its transaction the present bus occu- seizes the bus and pulls BUSY low to keep other arbiters 

pant recognizes that it no lo nger has prio rity and sur- off of the bus. See waveform timing diagram, Figure 5. 

renders the bus by releasing BUSY. BUSY is an active Note that all multi-master system bus transactions are 

low “OR” tied signal line which g oes to every bus arbiter synchronized to the bus clock (BCLK). This allows the 

on the system bus. When BUSY goes in active (high), the parallel priority resolving circuitry or any other priority 

arbiter which presently has bus priority (BPRN true) then resolving scheme employed to settle. 



Figure 4. Parallel Priority Resolving Technique 



0 HIGHER PRIORITY BUS ARBITER REQUESTS THE MULTI-MASTER SYSTEM BUS. 

(2) ATTAINS PRIORITY. 

0 LOWER PRIORITY BUS ARBITER RELEASES BUSY. 

0 HIGHER PRIORITY BUS ARBITER THEN ACQUIRES THE BUS AND PULLS BUSY DOWN. 


Figure 5. Higher Priority Arbiter obtaining the Bus from a Lower Priority Arbiter 
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SERIAL PRIORITY RESOLVING 

The serial priority resolving technique eliminates the 
need for the priority encoder-decoder arrangement by 
daisy-chaining the bus arbit ers tog ether, connecting the 
higher pri ority bu s arbiter’s BPRO (Bus Priority Out) out- 
put to the BPRN of the next lower priority. See Figure 6. 



THE NUMBER OF ARBITERS THAT MAY BE DAISY-CHAINED TOGETHER IN THE 
SERIAL PRIORITY RESOLVING SCHEME IS A FUNCTION OF BCLK AND THE PROPA- 
GATION DELAY FROM ARBITER TO ARBITER. NORMALLY, AT 10 MHz ONLY 3 ARBI- 
TER MAY BE DAISY-CHAINED 


Figure 6. Serial Priority Resolving 


ROTATING PRIORITY RESOLVING 

The rotating priority resolving technique is similar to 
that of the parallel priority resolving technique except 
that priority is dynamically re-assigned. The priority en- 
coder is replaced by a more complex circuit which ro- 
tates priority between requesting arbiters thus allowing 
each arbiter an equal chance to use the multi-master 
system bus, over time. 


Which Priority Resolving Technique To 
Use 

There are advantages and disadvantages for each of the 
techniques described above. The rotating priority 
resolving technique requires substantial external logic 
to implement while the serial technique uses no exter- 
nal logic but can accommodate only a limited number of 
bus arbiters before the daisy-chain propagatio n delay 
exceeds the multi-master’s system bus clock (BCLK). 
The parallel priority resolving technique is in general a 
good compromise between the other two techniques. It 
allows for many arbiters to be present on the bus while 
not requiring too much logic to implement. 


8289 MODES OF OPERATION 

There are two types of processors in the iAPX 86 family. An 
Input/Output processor (the 8089 IOP) and the iAPX 86/1 0, 
88/10 CPUs. Consequently, there are two basic operating 
modes in the 8289 bus arbiter. One, the IOB (I/O Peripheral 
Bus) mode, permits the processor access to both an I/O 
Peripheral Bus and a multi-master system bus. The sec- 
ond, the RESB (Resident Bus mode), permits the pro- 
cessor to communicate over both a Resident Bus and a 
multi-master system bus. An I/O Peripheral Bus is a bus 
where all devices on that bus, including memory, are 
treated as I/O devices and are addressed by I/O com- 
mands. All memory commands are directed to another 
bus, the multi-master system bus. A Resident Bus can 
issue both memory and I/O commands, but it is a distinct 
and separate bus from the multi-master system bus. The 
distinction is that the Resident Bus has only one master, 
providing full availability and being dedicated to that one 
master. 

The IOB strapping option configures the 8289 Bus Ar- 
biter into the IOB mode and the strapping option RESB 
configures it into the RESB mode. It might be noted at 
this point that if both strapping options are strapped 
false, the arbiter interfaces the processor to a multi- 
master system bus only (see Figure 7). With both op- 
tions strapped true, the arbiter interfaces the processor 
to a multi-master system bus, a Resident Bus, and an I/O 
Bus. 

In the IOB mode, the processor communicates and con- 
trols a host of peripherals over the Peripheral Bus. When 
the I/O Processor needs to communicate with system 
memory, it does so over the system memory bus. Figure 
8 shows a possible I/O Processor system configuration. 

The iAPX 86 and iAPX 88 processors can communicate 
with a Resident Bus and a multi-master system bus. Two 
bus controllers and only one Bus Arbiter would be needed 
in such a configuration as shown in Figure 9. In such a 
system configuration the processor would have access to 
memory and peripherals of both busses. Memory map- 
ping techniques are applied to select which bus is to be 
accessed. The SYSB/RESB input on the arbiter serves to 
instruct the arbiter as to whether or not the system bus is 
to be accessed. The signal connected to SYSB/RESB also 
enables or disables commands from one of the bus 
controllers. 

A summary of the modes that the 8289 has, along with 
its response to its status lines inputs, is summarized in 
Table 2. 


*ln some system configurations it is possible for a non-I/O Processor to 
have access to more than one Multi-Master System Bus, see 8289 
Application Note. 
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Table 2. Summary of 8289 Modes, Requesting and Relinquishing the Multi-Master System Bus 


Status Lines From 
8086 or 8088 or 8089 

IOB Mode 
Only 

RESB (Mode) Only 
IOB = High RESB = High 

IOB Mode RESB Mode 
IOB = Low RESB = High 

Single 
Bus Mode 
IOB = High 
RESB = Low 

S2 SI SO 

IOB = Low 

SYSB/RESB = High SYSB/RESB = Low 

SYSB/RESB = High SYSB/RESB = Low 


ooo 

X 

X 

X X 


I/O 





0 0 1 

X 

X 

X X 


COMMANDS " 





0 1 0 

X 

X 

X X 


HALT 0 1 1 

X 

X X 

X X 

X 

1 0 0 


X 

X 


MEM ini 





COMMANDS „ 


* 

x 


1 1 0 


X 

X 


IDLE 1 1 1 

X 

X X 

X X 

X 


NOTES: 

1. X= Multi-Master System Bus is allowed to be Surrendered. 

2. ^ = Multi-Master System Bus is Requested 


Mode 

Pin 

Strapping 

Multi-Master System Bus | 

Requested** 

Surrendered* 

Single Bus 
Multi-Master Mode 

IOB= High 
RESB = Low 

Whenever the processor’s 
status lines go active 

HLT + TI • CBRQ + HPBRQ 1- 

RESB Mode Only 

IOB = High 
RESB= High 

SYSB/EE5B = High • 
ACTIVE STATUS 

(SYSB/EE5B = Low + TI)* 
CBRQ + HLT + HPBRQ 

IOB Mode Only 

IOB = Low 
RESB = Low 

Memory Commands 

(I/O Status + TI) • CBRQ + 
HLT + HPBRQ 

IOB Mode RESB Mode 

IOB = Low 
RESB= High 

(Memory Command),* 
(SYSB/RESB = High) 

((I/O Status Commands) + 
SYSB IWESB = LOW)) • CBRQ 
+ HPBRQt + HLT 


NOTES: 


‘LOCK prevents surrender of Bus to any other arbiter, CRQLCK prevents surrender of Bus to any lower priority arbiter. 
“Except for HALT and Passive or IDLE Status. 

* HPBRQ, Higher priority Bus request or BPRN = 1. 

1. IOB Active Low. 

2. RESB Active High. 

3. + is read as “OR” and • as “AND.” 

4. Tl= Processor Idle Status S2, S1,J>0 = 111 

5. HLT = Processor Halt Status *§2, SI , "§0 = 01 1 
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Figure 7. Typical Medium Complexity CPU System 




Figure 8. Typical Medium Complexity IOB System 
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ABSOLUTE MAXIMUM RATINGS* 


Temperature Under Bias 0°C to 70 °C 

Storage Temperature -65°C to +150°C 

All Output and Supply Voltages - 0.5V to + 7V 

All Input Voltages. - 1.0V to + 5.5V 

Power Dissipation 1.5 Watt 


*NOTICE: Stresses above those listed under “ Absolute 
Maximum Ratings” may cause permanent damage to the 
device. This is a stress rating only and functional opera- 
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi- 
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 


D.C. CHARACTERISTICS (t a = o°c to 70 °c, v C ci= +5V ±10%) 


Symbol 

Parameter 

Min. 

Max. 

Units 

Test Condition 

v c 

Input Clamp Voltage 


-1.0 

V 

V CC = 4.50V, l c = -5 mA 

If 

Input Forward Current 


-0.5 

mA 

V C c = 5.50V, V F = 0.45V 

■r 

Reverse Input Leakage Current 


60 

mA 

V CC = 5.50, V R = 5.50 

< 

0 

r* 

Output Low Voltage 






BUSY, CBRQ 


0.45 

V 

I O l= 20 mA 


AEN 


0.45 

V 

l 0L = 16 mA 


BPRO, BREQ 


0.45 

V 

I 0 l= 10 mA 

V 0 H 

Output High Voltage 






BUSY, CBRQ 

Open Collector 



All Other Outputs 

2.4 


V 

Ioh = 400hA ' 

•cc 

Power Supply Current 


165 

mA 


VlL 

Input Low Voltage 


.8 

V 


V| H 

Input High Voltage 

2.0 


V 


Cin Status 

Input Capacitance 


25 

PF 


Cin (Others) 

Input Capacitance 


12 

P F 



A.C. CHARACTERISTICS (v cc = +5V ± 10 %, t a = o°c to 70°C) 

TIMING REQUIREMENTS 


Symbol 

Parameter 

8289 Min. 

8289-1 Min. 

Max. 

Unit 

Test Condition 

TCLCL 

CLK Cycle Period, 

125 

100 


ns 


TCLCH 

CLK Low Time 

65 

53 


ns 


TCHCL 

CLK High Time 

35 

26 


ns 


TSVCH 

Status Active Setup 

65 

55 

TCLCL- 10 

ns 


TSHCL 

Status Inactive Setup 

50 

45 

TCLCL- 10 

ns 


THVCH 

Status Active Hold 

10 

10 


ns 


THVCL 

Status Inactive Hold 

10 

10 


ns 


TBYSBL 

BUSYT^SetuptoBCLK^ 

20 

20 


ns 


TCBSBL 

CBRQtiSetuptoBCLK^ 

20 

20 


ns 


TBLBL 

BCLK Cycle Time 

100 

, 100 


ns 


TBHCL 

BLCK High Time 

30 

30 

.65[TBLBL] 

ns 


TCLLL1 

LOCK Inactive Hold 

10 

10 


ns 


TCLLL2 

LOCK Active Setup 

40 

40 


ns 


TPNBL 

BPRNtsL to BCLK Setup Time 

15 

15 


ns 


TCLSR1 

SYSB/RESB Setup 

0 

0 


ns 


TCLSR2 

SYSB/RESB Hold 

20 

20 


ns 


TIVIH 

Initialization Pulse Width 

3 TBLBL+ 
3 TCLCL 

3 TBLBL+ 
3 TCLCL 


ns 
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A.C. CHARACTERISTICS (Continued) 

TIMING RESPONSES 


Symbol 

Parameter 

Min. 

Max. 

Unit 

Test Condition 

TBLBRL 

BCLK to BREQ Delaylt 


35 

ns 


TBLPOH 

BCLK to BPROlt (See Note 1) 


40 

ns 


TPNPO 

BPRNitto BPROiTDelay 
(See Note 1) 


25 

ns 


TBLBYL 

BCLK to BUSY Low 


60 

ns 


TBLBYH 

BCLK to BUSY Float (See Note 2) 


35 

ns 


TCLAEH 

CLK to AEN High 


65 

ns 


TBLAEL 

BCLK to AEN Low 


40 

ns 


TBLCBL 

BCLK to CBRQ Low 


60 

ns 


TRLCRH 

BCLK to CBRQ Float (See Note 2) 


35 

ns 


TOLOH 

Output Rise Time 


20 

ns 

From 0.8V to 2.0V 

TOHOL 

Output Fall Time 


12 

ns 

From 2.0V to 0.8V 


it Denotes that spec applies to both transitions of the signal. 


NOTES: 

1. BCLK generates the first BPRO wherein subsequent BPRO changes lower in the chain are generated through BPRON. 

2. Measured at ,5V above GND. 


A.C. TESTING INPUT, OUTPUT WAVEFORM A.C. TESTING LOAD CIRCUIT 


INPUT/OUTPUT 



A.C TESTING INPUTS ARE DRIVEN AT 2 4V FOR A LOGIC “1” AND 0 45V 
FOR A LOGIC “0” THE CLOCK IS DRIVEN AT 4 3V and 0 25V TIMING 
MEASUREMENTS ARE MADE AT 1 5V FOR BOTH A LOGIC “1” AND “0 ” 
INPUT RISE AND FALL TIMES (MEASURED BETWEEN 0 8V AND 2 0V) ARE 
DRIVEN AT 5±2 NS. 


DEVICE 

UNDER 

TEST 


X 


^:c L = ioo pF 

i 


C L = 100 pF 

C L INCLUDES JIG CAPACITANCE 
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WAVEFORMS 



N OTES: 

1 LOCK ACTIVE CAN OCCUR DURING ANY STATE, AS LONG AS THE 

RELAT IONSHIPS SHOWN ABOVE WITH RESPECT TO THE CLK ARE MAINTAINED. 
LOCK INACTIVE HAS NO CRITICAL TIME AND CAN BE ASYNCHRONOUS. 
-CRQLCK HAS NO CRITICAL TIMING AND IS CONSIDERED AN ASYNCHRONOUS 
INPUT SIGNAL 

2 GLITCHING OF SYSB/RESB PIN IS PERMIT TED DURING THIS TIME. AFTER 0 2 OF 
T1, A ND BEFORE OF T4, SYSB/RESB SHOU LD BE STABLE 

3 AEN LEADING EDGE IS RELATED TO BCLK, TRAILING EDGE TO CLK THE 
TRAILING EDGE OF AEN OCCURS AFTER BUS PRIORITY IS LOST. 


ADDITIONAL NOTES: 

The signals related to CLK a re typical processor signals, and do not relate to the depicted sequence of events of the 
signals referenced to BCLK. The signals shown related to the BCLK represent a hypothetical sequence of events for 
illustration. Assume 3 bus arbiters of priorities 1, 2 and 3 configured in serial priority resolving scheme as shown in 
Figure 6. Assume ar biter 1 ha s the bus and is holding busy low. Arbit er #2 d etect s its p rocessor wants the bus and 
pulls low BREQ#2. If BPRN#2 is high (as shown), arbiter #2 will pull low CBRQ line CBRQ signals to the higher priority 
arbiter #1 that a lower priority arbiter wants the bus [A higher priority arbiter would be granted BPRN when it makes 
the bus request rather than having to wait for another arbiter to release the bus through cBRQj.** Arb iter #1 w ill relin- 
quish the multi-master system bus when it enters a state not requiring it (s ee Table 1), by lowering its BPRO #1 (tied to 
BPRN#2) and releasing BUSY. Arbiter #2 now sees that it has priority from BPRN#2 being low and releases CBRQ. As 
soon as BUSY signifies the bus is available (high), arbiter #2 pulls BUSY low on next falling edge of BCLK. Note that if 
arbiter #2 di dn’t want the bus at the time it received priority, it would pass priority to the next lower priority arbiter by 
lowering its BPRO #2 [TPNPO]. 

"Note that even a higher priority arbiter which is acquiring the bus through BPRN will momentarily drop CBRQ until it has acquired the bus 


% 
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1. INTRODUCTION ( 

The 8086 family, Intel’s new series of microprocessors 
and system components, offers the designer an ad- 
vanced system architecture which can be structured to 
satisfy a broad range of applications. The variety of 
speed, configuration and component selections avail- 
able within the family enables optimization of a specific 
design to both cost and performance objectives. More 
important however, the 8086 family concept allows the 
designer to develop a family of systems providing multi- 
ple levels of enhancement within a single design and a 
growth path for future designs. 

This application note is directed toward the implemen- 
tation of the system hardware and will provide an in- 
troduction to a representative sample of the systems 
configurable with the 8086 CPU member of the family. 
Application techniques and timing analysis will be given 
to aid the designer in understanding the system require- 
ments, advantages and limitations. Additional Ihtel 
publications the reader may wish to reference are the 
8086 User’s Manual (9800722A), 8086 Assembly Lan- 


guage Reference Guide (9800749A), AP-28A MULTI- 
BUS™ Interfacing (98005876B), INTEL MULTIBUS® 
SPECIFICATION (9800683), AP-45 Using the 8202 Dy- 
namic RAM Controller (9800809A), AP-51 Designing 
8086, 8088, 8089 Multiprocessor Systems with the 8289 
Bus Arbiter and AP-59 Using the 8259A Programmable 
Interrupt Controller. References to other Intel publica- 
tions will be made throughout this note. 

2. 8086 OVERVIEW AND BASIC SYSTEM CONCEPTS 
2A. 8086 Bus Cycle Definition 

The 8086 is a true 16-bit microprocessor with 16-bit in- 
ternal and external data paths, one megabyte of memory 
address space (2**20) and a separate 64K byte (2**16) 
I/O address space. The CPU communicates with its ex- 
ternal environment via a twenty-bit time multiplexed ad- 
dress, status and data bus and a command bus. To 
transfer data or fetch instructions, the CPU executes a 
bus cycle (Fig. 2A1). The minimum bus cycle consists of 
four CPU clock cycles called T states. During the first T 
state (T1), the CPU asserts an address on the twenty-bit 
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Figure 2A1. Basic 8086 Bus Cycle 
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multiplexed address/data/status bus. For the second T 
state (T2), the CPU removes the address from the bus 
and either three-states its outputs on the lower sixteen 
bus lines in preparation for a read cycle or asserts write 
data. Data bus transceivers are enabled in either T1 or 
T2 depending on the 8086 system configuration and the 
direction of the transfer (into or out of the CPU). Read, 
write or interrupt acknowledge commands are always 
enabled in T2. The maximum mode 8086 configuration 
(to be discussed later) also provides a write command 
enabled in T3 to guarantee data setup time prior to com- 
mand activation. 

During T2, the upper four multiplexed bus lines switch 
from address (A19-A16) to bus cycle status 
(S6,S5,S4,S3). The status information (Table 2A1) is 
available primarily for diagnostic monitoring. However, 
a decode of S3 and S4 could be used to select one of 
four banks of memory, one assigned to each segment 
register. This technique allows partitioning the memory 
by segment to expand the memory addressing beyond 
one megabyte. It also provides a degree of protection by 
preventing erroneous write operations to one segment 
from overlapping into another segment and destroying 
information in that segment. 

The CPU continues to provide status information on the 
upper four bus lines during T3 and will either continue 
to Assert write data or sample read data on the lower six- 
teen bus lines. If the selected memory or I/O device is 
not capable of transferring data at the maximum CPU 
transfer rate, the device must signal the CPU “not 
ready” and force the CPU to insert additional clock 
cycles (Wait states TW) after T3. The ‘not ready’ indica- 
tion must be presented to the CPU by the start of T3. 
Bus activity during TW is the same as T3. When the 
selected device has had sufficient time to complete the 
transfer, it asserts “Ready” and allows the CPU to con- 
tinue from the TW states. The CPU will latch the data on 
the bus during the last wait state or during T3 if no wait 
states are requested. The bus cycle is terminated in T4 
(command lines are disabled and the selected external 
device deselects from the bus), The bus cycle appears 
to devices in the system as an ‘asynchronous event con- 
sisting of an address to select the device followed by a 
read strobe or data and a write strobe. The selected 
device accepts bus data during a write cycle and drives 
the desired data onto the bus during a read cycle. On ter- 
mination of the command, the device latches write data 
or disables its bus drivers. The only control the device 
has on the bus cycle is the insertion of wait cycles. 

The 8086 CPU only executes a bus cycle when instruc- 
tions or operands must be transferred to or from 
memory or I/O devices. When not executing a bus cycle, 
the bus interface executes idle cycles (Tl). During the 
idle cycles, the CPU continues to drive status informa- 
tion from the previous bus cycle on the upper address 
lines. If the previous bus cycle was a write, the CPU con- 
tinues to drive the write data onto the multiplexed bus 
until the start of the next bus cycle. If the CPU executes 
idle cycles following a read cycle, the CPU will not drive 
the lower 16 bus lines until the next bus cycle is 
required. 


Since the CPU prefetches up to six bytes of the instruc- 
tion stream for storage and execution from an internal 
instruction queue, the relationship of instruction fetch 
and associated operand transfers may be skewed in 
time and separated by additional instruction fetch bus 
cycles. In general, if an instruction is fetched into the 
8086’s internal instruction queue, several additional in- 
structions may be fetched before the instruction is 
removed from the queue and executed. If the instruction 
being executed from the queue is a jump or other con- 
trol transfer instruction, any instructions remaining in 
the queue are not executed and are discarded with no ef- 
fect on the CPU’s operation. The bus activity observed 
during execution of a specific instruction is dependent 
on the preceding instructions but is always deter- 
ministic within the specific sequence. 


Table 2A1 


S3 ^ S4 


0 0 

Alternate (relative to the ES segment) 

1 0 

Stack (relative to the SS segment) 

0 1 

Code/None (relative to the CS seg- 
ment or a default of zero) 

1 1 

Data (relative to the DS segment) 

S5= IF (interrupt enable flag) 

S6 = 0 (indicates the 8086 is on the bus) 


2B. 8086 Address and Data Bus Concepts 

Since the majority of system memories and peripherals 
require a stable address for the duration of the bus 
cycle, the address on the multiplexed address/data bus 
during Tl should be latched and the latched address 
used to select the desired peripheral or memory loca- 
tion. Since the 8086 has a 16-bit data bus, the multi- 
plexed bus components of the 8085 family are not ap- 
plicable to the 8086 (a device on address/data bus lines 
8-15 will not be able to receive the byte selection ad- 
dress on lines 0-7). To demultiplex the bus (Fig. 2B1a), 
the 8086 system provides an Address Latch Enable 
signal (ALE) to capture the address in either the 8282 or 
8283 8-bit bi-stable latches (Diag. 2B1). The latches are 
either inverting (8283) or non-inverting (8282) and have 
outputs driven by three-state buffers that supply 32 mA 
drive capability and can switch a 300 pF capacitive load 
in 22 ns (inverting) or 30 ns (non-inverting). They prop- 
agate the address through to the outputs while ALE is 
high and latch the address on the falling edge of ALE. 
This only delays address access and chip select 
decoding by the propagation delay of the latch. The out- 
puts are enabled through the low active OE input. The 
demultiplexing of the multiplexed address/data bus 
(latchings of the address from the multiplexed bus), can 
be done locally at appropriate points in the system or at 
the CPU with a separate address bus distributing the ad- 
dress throughout the system (Fig. 2B1b). For optimum 
system performance and compatibility with multiproc- 
essor and MULTIBUS™ configurations, the latter tech- 
nique is strongly recommended over the first. The re- 
mainder of this note will assume the bus is demul- 
tiplexed at the CPU. 
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ADDRESS 

BUS 


Figure 2B1a. Demultiplexing the 8086 Bus 


8086 

CPU 






8282 

OR 
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ADDRESS BUS 




SEPARATE ADDRESS AND DATA BUSSES 



ALE 


ADDRESS/DATA 

BUS 


MULTIPLEXED BUS WITH LOCAL ADDRESS DEMULTIPLEXING 


Figure 2B1b. 


The programmer views the 8086 memory address space 
as a sequence of one million bytes in which any byte 
may contain an eight bit data element and any two con- 
secutive bytes may contain a 16-bit data element. There 
is no constraint on byte or word addresses (boundaries). 
The address space is physically implemented on a six- 
teen bit data bus by dividing the address space into two 
banks of up to 512K bytes (Fig. 2B2). One bank is con- 
nected to the lower half of the sixteen-bit data bus (D7-0) 
and contains even addressed bytes (A0 = 0). The other 
bank is connected to the upper half of the data bus 
(D15-8) and contains odd addressed bytes (A0=1). A 
specific byte within each bank is selected by address 
lines A19-A1. To perform byte transfers to even ad- 
dresses (Fig. 2B3a), the information is transferred over 
the lower half of the data bus (D7-0). AO (active low) is 
used to enable the bank connected to the lower half of 
the data bus to participate in the transfer. Anot her 
signal provided by the 8086, Bus High Enable (BHE), is 
used to disable the bank on the upper half of the data 
bus from participating in the transfer. This is necessary 
to prevent a write operation to the lower bank from 
destroying data in the upper bank. Since BHE is a 
multiplexed signal with timing identical to the A19-A16 
address lines, it also should be latched with ALE to pro- 
vide a stable si gnal during the bus cycle. During T2 
through T4, the BHE out put is multiplexed with status 
line S7 which is equal to BHE. To perform byte transfers 
to odd addresses (Fig. 2B3b), the information is trans- 
ferred over the upper half of the data bus (D15-D8) while 
BHE (active low) enables the upper bank and AO 
disables the lower bank. Directing the data transfer to 
the a ppropriate half of the data bus and activation of 
BHE and AO is performed by the 8086, transparent to the 
programmer. As an example, consider loading a byte of 
data into the CL register (lower half of the CX register) 
from an odd addressed memory location (referenced 
over the upper half of the 16-bit data bus). The data is 
transferred into the 8086 over the upper 8 bits of the 
data bus, automatically redirected to the lower half of 
the 8086 internal 16-bit data path and stored into the CL 
register. This capability also allows byte I/O transfers 
with the AL register to be directed to I/O devices con- 
nected to either the upper or lower half of the 16-bit data 
bus. 

To access even addressed sixteen bit words (two con- 
secutive bytes with the least significant byte at an even 



diagram 2B1. ALE Timing 
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byte address), A19-A1 sel ect t he appropriate byte within 
each bank and AO and BHE (active low) enable both 
banks simultaneously (Fig. 2B3c). To access an odd ad- 
dressed 16-bit word (Fig. 2B3d), the least significant 
byte (addressed by A19-A1) is first transferred over the 
uppe r half of the bus (odd addressed byte, upper bank, 
BHE low active and AO = 1). The most significant byte is 
accessed by incrementing the address (A19-A0) which 
allows A19-A1 to address the next physical word loca- 
tion (remember, AO was equal to one which indicated a 
word referenced from an odd byte boundary). A second 
bus cycle is then executed to perform the transfer of the 
most signifi cant byte with the lower bank (AO is now ac- 
tive low and BHE is high). The sequence is automatically 
executed by the 8086 whenever a word transfer is ex- 
ecuted to an odd address. Directing the upper and lower 
bytes of the 8086’s internal sixteen-bit registers to the 
appropriate halves of the data bus is also performed 
automatically by the 8086 and is transparent to the pro- 
grammer. 


(A) LOGICAL ADDRESS SPACE 



1 MEGABYTE 


(B) PHYSICAL IMPLEMENTATION OF THE 
ADDRESS SPACE 


512K BYTES 512K BYTES 



Atg-Ai D 15 -D 8 BHE D 7 -D 0 Aq 


Figure 2B2. 8086 Memory 



A19-A1 D 15 -D 8 BHE (HIGH) D 7 -D 0 A 0 (LOW) 


Figure 2B3a. Even Addressed Byte Transfer 



A19-A1 Di5-D 8 BHE (LOW) D7-D0 A 0 (HIQH) 

Figure 2B3b. Odd Addressed Byte Transfer 


TRANSFER X + 1 , X 



A 19 -Ai Dis-Ds BHE (LOW) D7-D0 A 0 (LOW) 

Figure 2B3c. Even Addressed Word Transfer 


FIRST BUS CYCLE 



A19-A1 D 15 -D 8 BHE (LOW) D7-D0 Ao (HIGH) 


SECOND BUS CYCLE 



Aig-Ai Di 5 -D 8 BHE (HIGH) D 7 -D 0 Ao(LOW) 

Figure 2B3d. Odd Addressed Word Transfer 

During a byte read, the CPU floats the entire sixteen-bit 
data bus even though data is only expected on the upper 
or lower half of the data bus. As will be demonstrated 
later, this action simplffies the chip select decoding re- 
quirements for read only devices (ROM, EPROM). During 
a byte write operation, the 8086 will drive the entire 
sixteen-bit data bus. The information on the half of the 
data bus not transferring data is indeterminate. These 
concepts also apply to the I/O address space. Specific 
examples of I/O and memory interfacing are considered 
in the corresponding sections. 

2C. System Data Bus Concepts 

When referring to the system data bus, two implemen- 
tation alternatives must be considered; (a) the multi- 
plexed address/data bus (Fig. 2C1a) and a data bus buf- 
fered from the multiplexed bus by transceivers (Fig. 
2C1b). 

If memory or I/O devices are connected directly to the 
multiplexed bus, the designer must guarantee the 
devices do not corrupt the address on the bus during T1. 
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MULTIPLEXED DATA BUS 



ADDRESS 


MULTIPLEXED 

ADDRESS/DATA 


Figure 2C1a. Multiplexed Data Bus 


BUFFERED DATA BUS 



ADDRESS 


DATA 


SYSTEM 

BUS 


Figure 2C1b. Buffered Data Bus 


To avoid this, device output drivers should not be enabl- 
ed by the device chip select, but should have an output 
enable controlled by the system read signal (Fig. 2C2). 
The 8086 timing guarantees that read is not valid until 
after the address is latched by ALE (Diag. 2C1). All Intel 
peripherals, EPROM products and RAM’s for microproc- 
essors provide output enable or read inputs to allow 
connection to the multiplexed bus. 



ADDRESS BUS 


MULTIPLEXED 

BUS 


Figure 2C2. Devices with Output Enables on the Multiplexed Bus 


Several techniques are available for interfacing devices 
without output enables to the multiplexed bus but each 
introduces other restrictions or limitations. Consider 
Figure 2C3 which has chip select gated with read and 
write. Two problems exist with this technique. First, the 
chip select access time is reduced to the read access 
time, and may require a faster device if maximum 
system performance (no wait states) is to be achieved 
(Diag. 2C2). Second, the designer must verify that chip 
select to write setup and hold times for the device are 
not violated (Diag. 2C3). Alternate techniques can be ex- 
tracted from the bus interfacing techniques given later 
in this section but are subject to the associated restric- 
tions. In general, the best solution is obtained with 
devices having output enables. 

A subsequent limitation on the multiplexed bus is the 
8086’s drive capability of 2.0 mA and capacitive loading 
of 100 pF to guarantee the specified A.C. character- 
istics. Assuming capacitive loads of 20 pF per I/O 
device, 12 pF per address latch and 5-12 pF per memory 
device, a system mix of three peripherals and two to 
four memory devices (per bus line) are close to the 
loading limit. 


Al C 

T1 

_y — v 

12 

T3 

T4 

/ 

J 







Ed 


~\ 


[_/ 



Diagram 2C1. Relationship of ALE to READ 
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Figure 2C3. Devices without Output Enables on the Multiplexed Bus 


ADDRES 




1 ACCESS TIME FOR CS GENERATED FROM ADDRESS DECODE 

2 ACCESS TIME IF CS IS GATED WITH RD/WR. 

Diagram 2C2. Access Time: CS Gated with RD/WR 



1 CS IS NOT VALID PRIOR TO WRITE AND BECOMES ACTIVE ONE OR TWO GATE 
DELAYS LATER. 

2 CS REMAINS VALID AFTER WRITE ONE OR TWO GATE DELAYS. 


Diagram 2C3. CS to WR Set-Up and Hold 


To satisfy the capacitive Ipading and drive requirements 
of larger systems, the data bus must be buffered. The 
8286 non-inverting and 8287 inverting octal transceivers 
are offered as part of the 8086 family to satisfy this re- 
quirement. They have three-state output buffers that 
drive 32 mA on the bus interface and 10 mA on the CPU 
interface and can switch capacitive loads of 300 pF at 
the bus interface and 100 pF on the CPU interface in 22 
ns (8287) or 30 ns (8286). To enable and control the direc- 
tion of the transceivers, the 8086 system provides Data 
ENable (DEN) and Data Transmit/Receive (DT/R) signals 
(Fig. 2C1b). These signals provide the appropriate tim- 
ing to guarantee isolation of the multiplexed bus from 
the system during T1 and elimination of bus contention 
with the CPU during read and write (Diag. 2C4). Although 
the memory and peripheral devices are isolated from the 
CPU (Fig. 2C4), bus contention may still exist in the 
system if the devices do not have an output enable con- 
trol other than chip select. As an example, bus conten- 
tion will exist during transition from one chip select to 
another (the newly selected device begins driving the 
bus before the previous device has disabled its drivers). 
Another, more severe case exists during a write cycle. 
From chip select to write active, a device whose outputs 
are controlled only by chip select, will drive the bus 
simultaneously with write data being driven through the 
transceivers by the CPU (Diag. 2C5). The same tech- 
nique given for circumventing these problems on the 
multiplexed bus can be applied here with the same limi- 
tations. 

One last extension to the bus implementation is a sec- 
ond level of buffering to reduce the tot^l load seen by 
devices on the system bus (Fig. 2C5). This is typically 
done for multiboard systems and isolation of memory 
arrays. The concerns with this configuration are the ad- 
ditional delay for access and more important, control of 
the second transceiver in relationship to the system bus 
and the device being interfaced to the system bus. 
Several techniques for controlling the transceiver are 
given in Figure 2C6. This first technique (Fig. 2C6a) 
simply distributes DEN and DT/R throughout the 
system. DT/R is inverted to provide proper direction con- 
trol for the second level transceivers. The second exam- 
ple (Fig. 2C6b) provides control for devices with output 
enables. RD is used to normally direct data from the 
system bus to the peripheral. The buffer is selected 
whenever a device on the local bus is chip selected. Bus 
contention is possible on the device’s local bus during a 
read as the read simultaneously enables the device out- 
put and changes the transceiver direction. The conten- 
tion may also occur as the read is terminated. 

For devices without output enables, the same technique 
can be applied (Fig. 2C6c) if the chip select to the device 
is conditioned by read or write. Controlling the chip 
select with read/write prevents the device from driving 
against the transceiver prior to the command being 
received. The limitations with this technique are access 
limited to read/write time and limited CS to write setup 
and hold times. 
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Diagram 2C4. Bus Transceiver Control 
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Figure 2C4. Devices with Output Enables on the System Bus 


Diagram 2C5. 
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An alternate technique applicable to devices with and 
without output enables is shown in Figure 2C6d. RD 
again controls the direction of the transceiver but it is 
not enabled until a command and chip select are active. 
The possibility for bus contention still exists but is 
reduced to variations in output enable vs. direction 
change time for the transceiver. Full access time from 
chip select is now available, but data will not be valid 
prior to write and will only be held valid after write by the 
delay to disable the transceiver. 


Figure 2C6a. Controlling System Transceivers with DEN and DT/R 



Figure 2C6b. Buffering Devices with OEJRD 



MEMORY/I/O 

DEVICE 


Figure 2C6c. Buffering Devices without OE/RD and with Common 
or Separate Input/Output 



One last technique is given for devices with separate in- 
puts and outputs (Fig. 2C6e). Separate bus receivers and 
drivers are provided rather than a single transceiver. The 
receiver is always enabled while the bus driver is con- 
trolled by RD and chip select. The only possibility for 
bus contention in this system occurs as multiple 
devices on each line of the local read bus are enabled 
and disabled during chip selection changes. 

Throughout this note, the multiplexed bus will be con- 
sidered the local CPU bus and the demultiplexed ad- 
dress and buffered data bus will be the system bus. For 
additional information on bus contention and the 
system problems associated with it, refer to Appendix 1 . 
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Figure 2C6e. Buffering Devices without OE/RD and with Separate 
Input/Output 


2D. Multiprocessor Environment 

The 8086 architecture supports multiprocessor systems 
based on the concept of a shared system bus (Fig. 2D1). 
All CPU’s in the system communicate with each other 
and share resources via the system bus. The bus may be 
either the Intel Multibus™ system bus or an extension 
of the system bus defined in the previous section. The 
major addition required to the demultiplexed system 
bus is arbitration logic to control access to the system 
bus. As each CPU asynchronously requests access to 
the shared bus, the arbitration logic resolves priorities 
and grants bus access to the highest priority CPU. Hav- 
ing gained access to the bus, the CPU completes its 
transfer and will either relinquish the bus or wait to be 
forced to relinquish the bus. For a discussion on 
Multibus™ arbitration techniques, refer to AP-28A, Intel 
Multibus™ Interfacing. 



SHARED 

SYSTEM 

BUS 


Figure 2D1. 8086 Family Multiprocessor System 


To support a multimaster interface to the Multibus 
system bus for the 8086 family, the 8289 bus arbiter is 
included as part of the family. The 8289 is compatible 
with the 8086’s local bus and in conjunction with the 
8288 bus controller, implements the Multibus protocol 
for bus arbitration. The 8289 provides a variety of arbitra- 
tion and prioritization techniques to allow optimization 
of bus availability, throughput and utilization of shared 
resources. Additional features (implemented through 


strapping options) extend the configuration options 
beyond a pure CPU interface to the multimaster system 
bus for access to shared resources to include concur- 
rent support of a local CPU bus for private resources. 
For specific configurations and additional information 
on the 8289, refer to application note AP-51. 

3. 8086 SYSTEM DETAILS 
3A. Operating Modes 

Possibly the most unique feature of the 8086 is the abili- 
ty to select the base machine configuration most suited 
to the application. The MN/MX input to the 8086 is a 
strapping option which allows the designer to select 
between two functional definitions of a subset of the 
8086 outputs. 

MINIMUM MODE 

The minimum mode 8086 (Fig. 3A1) is optimized for 
small to medium (one or two boards), single CPU 
systems. Its system architecture is directed at satisfy- 
ing the requirements of the lower to middle segment of 
high performance 16-bit applications. The CPU main- 
tains the full megabyte memory space, 64K byte I/O 
space and 16-bit data p ath. T he CPU directly provides all 
bus control (DT/R, DEN, ALE, M/IO), commands 
(RD,WR,INTA) and a simple CPU preemption mech- 
anism (HOLD, HLDA) compatible with existing DMA 
controllers. 

MAXIMUM MODE 

The maximum mode (Fig. 3A2) extends the system ar- 
chitecture to support multiprocessor configurations, 
and local instruction set extension processors (co- 
processors). Through addition of the 8288 bipolar bus 
controller, the 8086 outputs assigned to bus control and 
commands in the minimum mode are redefined to allow 
these extensions and enhance general system perform- 
ance. Specifically , (1) two p riorit ized levels of processor 
preemption (RQ/GT0, RQ/GT1) allow multiple proc- 
essors to reside on the 8086’s local bus and share its in- 
terface to the system bus, (2) Queue status (QS0,QS1) is 
available to allow external devices like ICE™-86 or 
special instruction set extension co-processors to track 
the CPU instruction execution, (3) access control to 
shared resources in multiprocessor systems is sup- 
ported by a hardware bus lock mechanism and (4) 
system command and configuration options are ex- 
panded via ancillary devices like the 8288 bus controller 
and 8289 bus arbiter. 

The queue status indicates what information is being 
removed from the internal queue and when the queue is 
being reset due to ajransfer of control (Table 3A1). By 
monitoring the S0,S1,S2 status lines for instructions 
ente ring t he 8086 (1,0,0 indicates code access while A0 
and BHE indicate word or byte) and QS0, QS1 for in- 
structions leaving the 8086’s internal queue, it is possi- 
ble to track the instruction execution. Since instruc- 
tions are executed from the 8086’s internal queue, the 
queue status is presented each CPU clock cycle and is 
not related to the bus cycle activity. This mechanism (1) 
allows a co-processor to detect execution of an 
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ESCAPE instruction which directs the co-processor to 
perform a specific task and (2) allows ICE-86 to trap ex- 
ecution of a specific memory location. An example of a 
circuit used by ICE is givep in Figure 3A3. The first up 
down counter tracks the depth of the queue while the 
second captures the queue depth on a match. The sec- 
ond counter decrements on further fetches from the 
queue until the queue is flushed or the count goes to 
zero indicating execution of the match address. The 
first counter decrements on fetch from the queue 
(QS0= 1) and increments on code fetches into the 


queue. Note that a normal code fetch will transfer two 
bytes into the queue so two clock increments are given 
to the counter (T201 and T301) unless a single byte is 
loaded over the upper half of the bus (AO-P is high). 
Since the execution unit (EU) is not synchronized to the 
bus interface unit (BIU), a fetch from the queue can oc- 
cur simultaneously with a transfer into the queue. The 
exclusive-or gate driving the ENP input of the first 
counter allows these simultaneous operations to cancel 
each other and not modify the queue depth. 



Figure 3A1. Minimum Mode 8086 
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TABLE 3A1. QUEUE STATUS 


QSi 

QS 0 


0 (LOW) 

0 

No Operation 

0 

1 

First Byte of Op Code from Queue 

1 (HIGH) 

0 

Empty the Queue 

1 

1 

Subsequent Byte from Queue 


The queue status is valid during the CLK cycle after 
which the queue operation is performed. 


To address the problem of controlling access to shared 
resour ces, t he maximum mode 8 086 provides a hard- 
ware LOCK output. The LOCK output is activated 
through the instruction stre am by . execution of the 
LOCK prefix instruction. The LOCK output goes active 
In the first CPU clock cycle following execution of the 
prefix and remains active until the clock following the 
completion of the instruction following the LOCK prefix. 
To provide bus a ccess control in multiprocessor 
systems, the LOCK signal should be incorporated into 
the system bus arbitration logic resident to the CPU. 

During normal multiprocessor system operation, pri- 
ority of the shared system bus is determined by the ar- 
bitration circuitry on a cycle by cycle basis. As each 
CPU requires a transfer over the system bus, it requests 
access to the bus via its resident bus arbitration logic. 
When the CPU gains priority (determined by the system 
bus arbitration scheme and any associated logic), it 
takes control of the bus, performs its bus cycle and 
either maintains bus control, voluntarily releases the 
bus or is forced off the bus by the loss of priority. The 
lock mechanism prevents the CPU from losing bus con- 
trol (either voluntarily or by force) and guarantees a CPU 
the ability to execute multiple bus cycles (during execu- 


tion of the locked instruction) without intervention and 
possible corruption of the data by another CPU. A 
classic use of the mechanism is the ‘TEST and SET * 
semaphore’ during which a CPU must read from a 
shared memory location and return data to the location 
without allowing another CPU to reference the same 
location between the TEST operation (read) and the SET 
operation (write). In the 8086 this is accomplished with a 
locked exchange instruction. 

LOCK XCHG reg, MEMORY ; reg is any register 

;MEMORY is the address of the 
.semaphore 


The activity of the LOCK output is show n in Diagram 
3A1. Another interesting use of the LOCK for multiproc- 
essor systems is a locked block move which allows high 
speed message transfer from one CPU’s message buf- 
fer to another. 

During the locked instruction, a request for processor 
preemption (RQ/GT) is recorded but not acknowl edged 
until completion of the locked instruction. The LOCK 
has no direct affect on interrupts. As an exampje, a 
locked HALT instruction will cause HOLD (or RQ/GT) re- 
quests to be ignored but will allow the CPU to exit the 
HALT state on an interrupt. In general, prefix bytes are 
considered extensions of the instructions they precede. 
Therefore, interrupts that occur during execution of a 
prefix are not acknowledged (assuming interrupts are 
enabled) until completion of the instruction following 
the prefixes (except for instructions which allow servic- 
ing interrupts during their execution, i.e., HALT, WAIT 
and repeated string primitives). Note that multiple prefix 
bytes may precede an instruction. As another example, 
consider a ‘string primitive’ preceded by the repetition 



74S04 


Figure 3A3. Example Circuit to Track the 8086 Queue 
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prefix (REP) which is interruptible after each execution 
of the string primitive. This holds even if the REP prefix 
is combined with the LOCK prefix and prevents inter- 
rupts from being locked out during a block move or 
other repeated string operati on. As long as the opera- 
tion is not interrupted, LOCK remains active. Further in- 
formation on the operation of an interrupted string 
operation with multiple prefixes is presented in the sec- 
tion dealing with the 8086 interrupt structure. 

Three additional status lines (SO, S T, S2) are defined to 
provide communications with the 8288 and 8289. The 
status lines tell the 8288 when to initiate a bus cycle, 
what type of command to issue and when to terminate 
the bus cycle. The 8288 samples the status lines at the 
beginning of each CPU clock (CLK). To initiate a bus cy- 
cle, the_CPU drives the status lines from the passive 
state (SO, SI, S2= 1) to one of seven possible command 
codes (Table 3A2). This occurs on the rising edge of the 
clock during T4 of the previous bus cycle or a Tl (idle cy- 
cle, no current bus activity). The 8288 detects the status 
change by sampling the status lines on the high to low 
transition of each clock cycle. The 8288 starts a bus cy- 
cle by generating ALE and appropriate buffer direction 
control in the clock cycle immediately following detec- 
tion of the status change (Tl). The bus transceivers and 
the selected command are enabled in the next clock 
cycle (T2) (or T3 for normal write commands). When the 
status returns to the passive state, the 8288 will ter- 
minate the command as shown in Diagram 3A2. Since 
the CPU will not return the status to the passive state 
until the ‘ready’ indication is received, the 8288 will 
maintain active command and bus control for any 
number of wait cycles. The status lines may also be 
used by other processors on the 8086’s local bus to 
monitor bus activity and control the 8288 if they gain 
control of the local bus. 


TABLE 3A2. STATUS LINE DECODES 


s 2 

Si 

Sq 

0 (LOW) 

0 

0 ) 

Interrupt Acknowledge 

0 

0 

1 v 

Read I/O Port 

0 

1 

0 

Write I/O Port - 

0 

1 

1 

Halt 

1 (HIGH) 

0 

0 

Code Access 

1 

0 

1 

Read Memory 

1 

1 

0 

Write Memory 

1 

1 

1 

Passive 


The 8288 provides the bus control (DEN, DT/R, ALE) and 
comma nds (INTA, MRDC, IORC, MWTC, AMWC, IOWC, 
AIOWC) removed from the CPU. The command structure 
has separate read and write commands for memory and 
I/O to provide compatibility with the Multibus command 
structure. 

The advanced write commands are enabled one clock 
period earlier than the normal write to accommodate the 
wider write pulse widths often required by peripherals 
and static RAMs. The normal write provides data setup 
prior to write to accommodate dynamic RAM memories 
and I/O devices which strobe data on the leading edge of 
write. The advanced write commands do not guarantee 
that data is valid prior to the leading edge of the com- 
mand. The DEN signal in the maximum mode is inverted 
from the minimum mode to extend transceiver control 
by allowing logical conjunction of DEN with other 
signals. While not appearing to be a significant benefit 
in the basic maximum mode configuration, introduction 
of interrupt control and various system configurations 
will de/nonstrate the usefulness of qualifying DEN. 
Diagram 3A3 compares the timing of the minimum and 
maximum mode bus transfer commands. Although the 



LOCK 
PREFIX 
BYTE FROM 
QUEUE 


NOP BYTE NEXT LOCK LOCKED INSTRUCTION 

FROM THE PREFIX FROM 

QUEUE THE QUEUE 

(LOCKED NOP) 


1 QUEUE STATUS INDICATES FIRST BYTE OF OPCODE FROM THE QUEUE. 

2 THE LOCK OUTPUT WILL GO INACTIVE BETWEEN SEPARATE LOCKED INSTRUCTIONS. 

3 TWO CLOCKS ARE R EQUIR ED FOR DECODE OF THE LOCK PREFIX AND 
ACTIVATION OF THE LOCK SIGNAL. 

4 SINCE QUEU E STA TUS REFLECTS THE QUEUE OPERATION IN THE PREVIOUS CLOCK 
CYCLE, THE LOCK OUTPUT ACTUALLY GOES ACTIVE COINCIDENT WITH THE START 
OF THE NEXT INSTRUCTION AND REMAINS ACTIVE FOR ONE CLOCK CYCLE 
FOLLOWING THE INSTRUCTION. 

5 IF TH E INSTRUCTION FOLLOWING THE LOCK PREFIX IS NOT IN THE QUEUE, THE 
LOCK OUTPUT STILL GOES ACTIVE AS SHOWN WHILE THE INSTRUCTION IS BEING 
FETCHED. 

6 THE BIU WILL STILL PERFORM IN STRUC TION FETCH CYCLES DURING EXECUTION 
OF A LOCKED INSTRUCTION. THE LOCK MERELY LOCKS THE BUS TO THIS CPU FOR 
WHATEVER BUS CYCLES THE CPU PERFORMS DURING THE LOCKED INSTRUCTION. 


Diagram 3A1. 8086 Lock Activity 
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maximum mode configuration is designed for multi- 
processor environments, large single CPU designs 
(either Multibus systems or greater than two PC boards) 
should also use the maximum mode. Since the 8288 is a 
bipolar dedicated controller device, its output drive for 
the commands (32 mA) and tolerances on AC character- 
istics (timing parameters and worse case delays) pro- 
vide better large system performance than the minimum 
mode 8086. 


In addition to assuming the functions removed from the 
CPU, the 8288 provides additional strapping options and 
controls to support multiprocessor configurations and 
peripheral devices on the CPU local bus. These capa- 
bilities allow assigning resources (memory or I/O) as 
shared (available on the Multibus system bus) or private 
(accessible only by this CPU) to reduce contention for 
access to the Multibus system bus and improve multi- 
CPU system performance. Specific configuration possi- 
bilities are discussed in AP-51. 


I Ti | T 2 | T 3 | T 4 I T, | T 2 | T 3 | T wa , t | T 4 | 

GOES INACTIVE IN THE STATE 



WAIT 

Diagram 3A2. Status Line Activation and Termination 


Ti T 2 T 3 - T 4 
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3B. Clock Generation 

The 8086 requires a clock signal with fast rise and fall 
times (10 ns max) between low and high voltages of 
-0.5 to +0.6 low and 3.9 to VCC+ 1.0 high. The max- 
imum clock frequency of the 8086 is 5 MHz and 8 MHz 
for the 8086-2. Since the design of the 8086 incorporates 
dynamic cells, a minimum frequency of 2 MHz is re- 
quired to retain the state of the machine. Due to the 
minimum frequency requirement, single stepping or 
cycling of the CPU may not be accomplished by dis- 
abling the clock. The timing and voltage requirements of 
the CPU clock are shown in Figure 3B1. In general, for 
frequencies below the maximum, the CPU clock need 
not satisfy the frequency dependent pulse width limi- 
tations stated in the 8086 data sheet. The values 
specified only reflect the minimum values which must 
be satisfied and are stated in terms of the maximum 
clock frequency. As the clock frequency approaches the 
maximum frequency of the CPU, the clock must con- 
form to a 33% duty cycle to satisfy the CPU minimum 
clock low and high time specifications. 



Figure 3B1. 8086 Clock 


An optimum 33% duty cycle clock with the required 
voltage levels and transition times can be obtained with 
the 8284 clock generator (Fig. 3B2). Either an external 
frequency source or a series resonant crystal may drive 
the 8284. The selected source must oscillate at 3X the 
desired CPU frequency. To select the crystal inputs of 
the 8284 as the frequency source for clock generation, 
the F/C input to the 8284 must be strapped to ground. 
The strapping option allows selecting either the crystal 
or the external frequency input as the source for clock 
generation. Although the 8284 provides an input for a 
tank circuit to accommodate overtone mode crystals, 
fundamental mode crystals are recommended for more 
accurate and stable frequency generation. When selec- 
ting a crystal for use with the 8284, the series resistance 
should be as low as possible. Since other circuit com- 
ponents will tend to shift the operating frequency from 
resonance, the operating impedance will typically be 
higher than the specified series resistance. If the at- 
tenuation of the oscillator’s feedback circuit reduces 
the loop gain to less than one, the oscillator will fail. 
Since the oscillator delays in the 8284 appear as induc- 
tive elements to the crystal, causing it to run at a fre- 
quency below that of the pure series resonance, a 
capacitor should be placed in series with the crystal and 
the X2 input of the 8284. This capacitor serves to cancel 
this inductive element. The value of the capacitor (CL) 


must not cause the impedance of the feedback circuit to 
reduce the loop gain below one. The impedance of the 
capacitor is a function of the operating frequency and 
can be determined from the following equation: 

XCL= 1/2n*F*CL 



Figure 3B2. 8284 Clock Generator 


It is recommended that the crystal series resistance 
plus XCL be kept less than 1 K ohms. This capacitor also 
serves to debias the crystal and prevent a DC voltage 
bias from straining and perhaps damaging the crystal- 
line structure. As the crystal frequency increases, the 
amount of capacitance should be decreased. For exam- 
ple, a 12 MHz crystal may require CL~ 24 pF while 22 
MHz may require CL~8 pF. If very close correlation 
with the pure series resonance is not necessary, a 
nominal CL value of 12-15 pF may be used with a 15 MHz 
crystal (5 MHz 8086 operation). Board layout and compo- 
nent variances will affect the actual amount of induc- 
tance and therefore the series capacitance required to 
cancel it out (this is especially true for wire-wrapped 
layouts). 

Two of the many vendors which supply crystals for Intel 
microprocessors are listed in Table 3B1 along with a list 
of crystal part numbers for various frequencies which 
may be of interest. For additional information on speci- 
fying crystals for Intel components refer to application 
note AP-35. 


TABLE 3B1. CRYSTAL VENDORS 


f 

Parallel/ 

Series 

Crystek^ 

Corp. 

CTS Knight,® 
Inc. 

15.0 MHz 

S 

CY15A 

MP150 

18.432 

S 

CY19B* 

MP184* 

24.0 MHz 

s 

CY24A 

MP240 


. ‘Intel also supplies a crystal numbered 8801 for this application. 

Note*: 1. Address: 1000 Crystal Drive, Fort Meyers, Florida 33901 
,2. Address: 400 Reimann Ave., Sandwich, Illinois 


If a high accuracy frequency source, externally variable 
frequency source or a common source for driving mul- 
tiple 8284’s is desired, the External Frequency Input 
(EFI) of the 8284 can be selected by strapping the F/C in- 
put to 5 volts through ~1 K ohms (Fig. 3B3). The external 
frequency source should be TTL compatible, have a 
50% duty cycle and oscillate at three times the desired 
CPU operating frequency. The maximum EFI frequency 
the 8284 can accept is slightly above 24 MHz with 
minimum clock low and high times of 13 ns. Although 
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no minimum EFI frequency is specified, it should not 
violate the CPU minimum clock rate. If a common fre- 
quency source is used to drive multiple 8284’s 
distributed throughout the system, each 8284 should be 
driven by its own line from the source. To minimize 
noise in the system, each line should be a twisted pair 
driven by a buffer like the 74LS04 with the ground of the 
twisted pair connecting the grounds of the source and 
receiver. To minimize clock skew, the lines to all 8284’s 
should be of equal length. A simple technique for gen- 
erating a master frequency source for additional 8284’s 
is shown in Figure 3B4. One 8284 with a crystal is used 
to generate the desired frequency. The oscillator output 
of the 8284 (OSC) equals the crystal frequency and is 
used to drive the external frequency to all other 8284’s 
in the system. 


EXTERNAL 

FREQUENCY 

SOURCE 



Figure 3B3. 8284 with External Frequency Source 



Figure 3B4. External Frequency for Multiple 8284s 


The oscillator output is inverted from the oscillator 
signal used to drive the CPU clock generator circuit. 
Therefore, the oscillator output of one 8284 should not 
drive the EFI input of a second 8284 if both are driving 
clock inputs of separate CPU’s that are to be syn- 
chronized. The variation on EFI to CLK delay over a 
range of 8284’s may approach 35 to 45 ns. If, however, all 
8284’s are of the same package type, have the same 
relative supply voltage and operate in the same tem- 
perature environment, the variation will be reduced to 
between 15 and 25 ns. 

There are three frequency outputs from the 8284, the 
oscillator (OSC) mentioned above, the system clock 
(CLK) which drives the CPU, and a peripheral clock 
(PCLK) that runs at one half the CPU clock frequency. 
The oscillator output is_only driven by the crystal and is 
not affected by the F/C strapping option. If a crystal is 
not connected to the 8284 when the external frequency 
input is used, the oscillator output is indeterminate. The 
CPU clock is derived from the selected frequency 
source by an internal divide by three counter. The 
counter generates the 33% duty cycle clock which is op- 
timum for the CPU at maximum frequency. The 
peripheral clock has a 50% duty cycle and is derived 
from the CPU clock. Diagram 3B0 shows the relation- 
ship of CLK to OSC and PCLK to CLK. The maximum 
skew is 20 ns between OSC and CLK, and 22 ns between 
CLK and PCLK. 

Since the state of the 8284 divide by three counter is in- 
determinate at system initialization (power on), an exter- 
nal sync to the counter (CSYNC) is provided to allow 
synchronization of the CPU clock to an external event. 
When CSYNC is brought high, the CLK and PCLK out- 
puts are forced high. When CSYNC returns low, the next 
positive clock from the frequency source starts clock 
generation. CSYNC must be active for a minimum of two 
periods of the frequency source. If CSYNC is asynchro- 
nous to the frequency source, the circuit in Figure 3B5 
should be used for synchronization. The two latches 
minimize the probability of a meta-stable state in the 
latch driving CSYNC. The latches are clocked with the 
inverse of the frequency source to guarantee the 8284 
setup and hold time of CSYNC to the frequency source 
(Diag. 3B1). If a single 8284 is to be synchronized to an 
external event and an external frequency source is not 
used, the oscillator output of the 8284 may be used to 



Diagram 3B0. OSC - CLK and CLK - PCLK Relationships 
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synchronize CSYNC (Fig. 3B6). Since the oscillator out- 
put is inverted from the internal oscillator signal, the in- 
verter in the previous example is not required. If multiple 
8284’s are to be synchronized, an external frequency 
source must drive all 8284’s and a single CSYNC syn- 
chronization circuit must drive the CSYNC input of all 
8284’s (Fig. 3B7). Since activation of CSYNC may cause 
violation of CPU minimum clock low time, it should only 
be enabled during reset or CPU clock high. CSYNC must 
also be disabled a minimum of four CPU clocks before 
the end of reset to guarantee proper CPU reset. 


+ 5 



INPUT 


Figure 3B5. Synchronizing CSYNC with EFI 



•MAX IS SPEC’ED TO GUARANTEE MAX 8086 CLOCK FREQUENCY 


Diagram 3B1. CSYNC Setup and Hold to EFI 



Figure 3B6. EFI from 8284 Oscillator 


+ 5 



Figure 3B7. Synchronizing Multiple 8284s 


Due to the fast transitions and high drive (5 mA) of the 
8284 CLK output, it may be necessary to put a 10 to 100 
ohm resistor in series with the clock line to eliminate 
ringing (resistor value depending on the amount of drive 
required). If multiple sources of CLK are needed with 
minimum skew, CLK can be buffered by a high drive 
device (74S241) with outputs tied to 5 volts through 100 
ohms to guarantee VOH = 3.9 min (8086 minimum clock 
input high voltage) (Fig. 3B8). A single 8284 should not 
be used to generate the CLK for multiple CPU’s that do 
not share a common local (multiplexed) bus since the 
8284 synchronizes ready to the CPU and can only ac- 
commodate ready for a single CPU. If multiple CPU’s 
share a local bus, they should be driven with the same 
clock to optimize transfer of bus control. Under these 
circumstances, only one CPU will be using the bus for a 
particular bus cycle which allows sharing a common 
READY signal (Fig. 3B9). 


+ 5 



Figure 3B8. Buffering the 8284 CLK Output 


3-302 


230792-001 











AP-67 



Figure 3B9. 8086 and Co-Processor on the Local Bus Share a 
Common 8284 


3C. Reset 

The 8086 requires a high active reset with minimum 
pulse width of four CPU clocks except after power on 
which requires a 50 ^s reset pulse. Since the CPU inter- 
nally synchronizes reset with the clock, the reset is in- 
ternally active for up to one clock period after the exter- 
nal reset. Non-Maskable Interrupts (NMI) or hold re- 
quests on RQ/GT which occur during the internal reset, 
are not acknowledged. A minimum mode hold request 
or maximum mode RQ pulses active immediately after 
the internal reset will be honored before the first in- 
struction fetch. 

From reset, the 8086 will condition the bus as shown in 
Table 3C1. The multiplexed bus will three-state upon 
detection of reset by the CPU. Other signals which 
three-state will be driven to the inactive state for one 
clock low interval prior to entering three-state (Fig. 3C1). 
In the minimum mode, ALE and HLDA are driven inac- 
tive jand are not three-stated. In the maximum mode, 
RQ/GT lines are held inactive and the queue status in- 
dicates no activity. The queue status will not indicate a 
reset of the queue so any user defined external circuits 
monitoring the queue should also be reset by the 
system reset. 22K ohm pull-up resistors should be con- 
nected to the CPU command and bus control lines to 


guarantee the inactive state of these lines in systems 
where leakage currents or bus capacitance may cause 
the voltage levels to settle below the minimum high 
voltage of devices in the system. In maximum mode 
systems, the 8288 contains internal pull-ups on the 
S0-S2 inputs to maintain the inactive state for these 
lines when the CPU floats the bus. The high state of the 
status lines during reset causes the 8288 to treat the 
reset sequence as a passive state. The condition of the 
8288 outputs for the passive state are shown in Table 
3C2. If the reset occurs during a bus cycle, the return of 
the status lines to the passive state will terminate the 
bus cycle and return the command lines to the inactive 
state. Note that the 8288 does not three-state the com- 
mand outputs based on the passive state of the status 
lines. If the designer needs to three-state the CPU off 
the bus during reset in a single CPU system , the reset 
signal should also be connected to the 8288’s AEN input 
and the output enable of the address latches (Fig. 3C2). 
This forces the command and address bus interface to 
three-state while the inactive state of DEN from the 8288 
three-states the transceivers on the data bus. 


Table 3C1. 8086 Bus During Reset 


Signals 

Condition 

AD 15-0 

Three-State 

A19-WS6-3 

Three-State 

bhe/s 7 

Three-State 

S2/(M/IO) 

Driven to “1” then three-state 

S1/(DT/R) 

Driven to “1 ” then three-state 

SO/DEN 

Driven to “1 ” then three-state 

LOCK/WR 

Driven to *’1” then three-state 

RD 

Driven to “1 ” then three-state 

INTA 

Driven to ‘’1” then three-state 

ALE 

0 

HLDA 

0 

RQ/GT0 

1 

RQ/GT1 

1 

QS0 

0 

QS1 

0 



Figure 3C1. 8086 Bus Conditioning on Reset 
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TABLE 3C2. 8288 OUTPUTS DURING PASSIVE MODE 



Figure 3C2. Reset Disable for Max Mode 8086 Bus Interface 


For multiple processor systems using arbitration of a 
multim aste r bus, the system reset should be connected 
to the INIT input of the 8289 bus arbiter in a dditi on to 
the 8284 reset input (Fig. 3C3). The low active INIT input 
forces all 8289 output s to their inactive state. The inac- 
tive state of the 8289 AEN output will force the 8288 to 
three-state the command outputs and the address 
latches to three-state the address bus interface. DEN in- 
active from the 8288 will three-state the data bus inter- 
face. For the multimaster CPU configuration, the reset 
should be common to all CPU’s (8289’s and 8284’s) and 
satisfy the maximum of either the CPU reset re- 
quirements or 3 TBLBL (3 8289 bus clock times) +3 
TCLCL (3 8086 clock cycle times) to satisfy 8289 reset 
requirements. 


If the 8288 command outputs are three-stated during 
reset, the command lines should be pulled up to V C c 
through 2.2K ohm resistors. 

The reset signal to the 8086 can be generate d by the 
8284. The 8284 has a schmitt trigger input (RES) for 
generating reset from a low active external reset. The 
hysteresis specified in the 8284 data sheet implies that 
at least .25 volts will separate the 0 and 1 switching 
point of the 8284 reset input. Inputs without hysteresis 
will switch from low to high and high to low at approxi- 
mately the same voltage threshold. The inputs are 
guaranteed to switch at specified low and high voltages 
(VIL and VIH) but the actual switching point is anywhere 
in-between. Since VIL min is specified at .8 volts, the 
hysteresis guarantees that the reset will be active until 
the input reaches at least 1.05 volts. A reset will not be 
recognized until the input drops at least .25 volts below 
the reset inputs VIH of 2.6 volts. 

To guarantee reset from power up, the reset input must 
remain below 1.05 volts for 50 microseconds after Vcc 
has reached the minimum supply voltage of 4.5 volts. 
The hysteresis allows the reset input to be driven by a 
simple RC circuit as shown in Figure 3C4. The 
calculated RC value does not include time for the power 
supply to reach 4.5 volts or the charge accumulated dur- 
ing this interval. Without the hysteresis, the reset out- 
put might oscillate as the input voltage passes through 
the switching voltage of the input. The calculated RC 
value provides the minimum required reset period of 50 
microseconds for 8284’s that switch at the 1.05 volt 
level and a reset period of approximately 162 micro- 
seconds for 8284’s that switch at the 2.6 volt level. If 
tighter tolerance between the minimum and maximum 
reset times is necessary, the reset circuit shown in 
Figure 3C5 might be used rather than the simple RC cir- 
cuit. This circuit provides a constant current source and 
a linear charge rate on the capacitor rather than the in- 
verse exponential charge rate of the RC circuit. The 
maximum reset period for this implementation is 124 
microseconds. 




Figure 3C3. Reset Disable of for Max Mode 8086 Bus Interface in 
Multi CPU System 


Figure 3C4. 8284 Reset Circuit 
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Ri — DETERMINES CURRENT TO CHARGE C 
R 2 — VALUE NOT CRITICAL =10K 

l c = CHARGE CURRENT = Vbc(Dl + D2 ~^) 

IF ALL SEMICONDUCTORS ARE SILICON, l c = ^ 



Figure 3C5. Constant Current Power-On Reset Circuit 


The 8284 synchronizes the reset input with the CPU 
clock to generate the RESET signal to the CPU (Fig. 
3C6). The output is also available as a general reset to 
the entire system. The reset has no effect on any clock 
circuits in the 8284. 



Figure 3C6. 8086 Reset and System Reset 


3D. Ready Implementation and Timing 

As discussed previously, the ready signal is used in the 
system to accommodate memory and I/O devices that 
cannot transfer information at the maximum CPU bus 
bandwidth. Ready is also used in multiprocessor 
systems to force the CPU to wait for access to the 
system bus or Multibus system bus. To insert a wait 
state in the bus cycle, the READY signal to the CPU 
must be inactive (low) by the end of T2. To avoid inser- 
tion of a wait state, READY must be active (high) within 
a specified setup time prior to the positive transition 
during T3. Depending on the size and characteristics of 
the system, ready implementation may take one of two 
approaches. 

The classical ready implementation is to have the 
system ‘normally not ready .’ When t he selected device 
receives the command (RD/WR/INTA) and has had suffi- 
cient time to complete the command, it activates 
READY to the CPU, allowing the CPU to terminate the 
bus cycle. This implementation is characteristic of large 
multiprocessor, Multibus systems or systems where 
propagation delays, bus access delays and device char- 
acteristics inherently slow down the system. For max- 
imum system performance, devices that can run with no 
wait states must return ‘READY’ within the previously 
described limit. Failure to respond in time will only 
result in the insertion of one or more wait cycles. 

An alternate technique is to have the system ‘normally 
ready.’ All devices are assumed to operate at the max- 
imum CPU bus bandwidth. Devices that do not meet the 
requirement must disable READY by the end of T2 to 
guarantee the insertion of wait cycles. This implementa- 
tion is typically applied to small single CPU systems 
and reduces the logic required to control the ready 
signal. Since the failure of a device requiring wait states 
to disable READY by the end of T2 will result in prema- 
ture termination of the bus cycle, the system timing 
must be carefully analyzed when using this approach. 

The 8086 has two different timing requirements on 
READY depending on the system implementation. For a 
‘normally ready’ system to insert a wait state, the 
READY must be disabled within 8 ns (TRYLCL) after the 
end of T2 (start of T3) (Diag. 3D1). To guarantee proper 


CLOCK 



FL 


READY INACTIVE 8 ns MAX.- 



HOLD TIME 30 ns 

L_ 1 19 ns TO GUARANTEE THE 
^ N EXT CYCLE IS T 4 


Diagram 3D1. Normally Ready System Inserting aWait State 
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operation of the 8086, the READY input must hot change 
from ready to not ready during the clock low time of T3. 
For a ‘normally not ready’ system to avoid wait states, 
READY must be active within 119 ns (TRYHCH) of the 


positive clock transition during T3 (biag. 3D2). For both 
cases, READY must satisfy a hold time of 30 ns 
(TCHRYX) from the T3 or TW positive clock transition. 



Diagram 3D2. Normally Not Ready System Avoiding a Wait State 


To generate a stable READY signal which satisfies the 
previous setup and hold times, the 8284 provides two 
separate system ready inputs (RDY1, RDY2) and a single 
synchronized ready output (READY) for the CPU. The 
RDY i n puts a re qualified with separate access enables 
(AEN1.AEN2, low active) to allow selecting one of the 
two ready signals (Fig. 3D1). The gated signals are 
logically OR’ed and sampled at the beginning of each 
CLK cycle to generate READY to the CPU (Diag. 3D3). 
The sampled READY signal is valid within 8 ns (TRYLCL) 
after CLK to satisfy the CPU timing requirements on 
‘not ready’ and ready. Since READY cannot change until 
the next CLK, the hold time requirements are also satis- 
fied. The system ready inputs to the 8284 (RDY 1,RDY2) 
must be valid 35 ns (TRIVCL) before T3 and AEN must be 
valid 60 ns before T3. For a system using only one RDY 
input, tjie associated AEN is tied to ground while the 
other AEN is connected to 5 volts through ~1K ohms 
(Fig. 3D2a). If the system generates a l ow a ctive ready 
signal, it can be connected to the 8284 AEN inp ut if the 
additional setup time required by the 8284 AEN input is 
satisfied. In this case, the associated RDY input would 
be tied high (Fig. 3D2b). 



Figure 3D1. Ready Inputs to the 8284 and Output to the 8086 



NOTE: THE 8284 DATA SHEET SPECIFIES READY OUT DELAY (TRYLCL) AS -8 ns 
‘BEFORE’ THE END OF T 2 WHICH IMPLIES THE TIMING SHOWN. 

Diagram 3D3. 8284 with 8086 Ready Timing 
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Figure 3D2a. Using RDY1/RDY2 to Generate Ready 



Figure 3D2b. Using AEN1/AEN2 to Generate Ready 


The majority of memory and peripheral devices which 
fail to operate at the maximum CPU frequency typically 
do not require more than one wait state. The circuit 
given in Figure 3D3 is an example of a simple wait state 
generator. The system ready line is driven low whenever 
a device requiring one wait state is selected. The flip 
flop is cleared by ALE, enabling RDY to the 8284. If no 
wait states are required, the flip flop does not change. If 
the system ready is driven low, the flip flop toggles on 
the low to high clock transition of T2 to force one wait 
state. The next low to high clock transition toggles the 
flip flop again to indicate ready and allow completion of 
the bus cycle. Further changes in the state of the flip 
flop will not affect the bus cycle. The circuit allows 
approximately 100 ns for chip select decode and condi- 
tioning of the system ready (Diag. 3D4). 

If the system is ‘normally not ready,’ the programmer 
should not assign executable code to the last six bytes 
of physical memory. Since the 8086 prefetches instruc- 
tions, the CPU may attempt to access non-existent 
memory when executing code at the end of physical 


memory. If the access to non-existent memory fails to 
enable READY, the system will be caught in an in- 
definite wait. 


74125 



3E. Interrupt Structure 

The 8086 interrupt structure is based on a table of inter- 
rupt vectors stored in memory locations OH through 
003FFH. Each vector consists of two bytes for the in- 
struction pointer and two bytes for the code segment. 
These two values combine to form the address of the in- 
terrupt service routine. This allows the table to contain 
up to 256 interrupt vectors which specify the starting ad- 
dress of the service routines anywhere in the one mega- 
byte address space of the 8086. If fewer than 256 differ- 
ent interrupts are defined in the system, the user need 
only allocate enough memory for the interrupt vector 
table to provide the vectors for the defined interrupts. 
During initial system debug, however, it may be desir- 
able to assign all undefined interrupt types to a trap 
routine to detect erroneous interrupts. 

Each vector is associated with an interrupt type number 
which points to the vector’s location in the interrupt vec- 
tor table. The interrupt type number multiplied by four 
gives the displacement of the first byte of the associ- 
ated interrupt vector from the beginning of the table. As 
an example, interrupt type number 5 points to the sixth 
entry in the interrupt vector table. The contents of this 
entry in the table points to the interrupt service routine 
for type 5 (Fig. 3E1). This structure allows the user to 
specify the memory address of each service routine by 
placing the address (instruction pointer and code seg- 
ment values) in the table location provided for that type 
interrupt. 



Diagram 3D4. 
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INTERRUPT TYPE 



INTERRUPT 

VECTOR 

TABLE 


Figure 3E1. Direction to Interrupt Service Routine through the 
Interrupt Vector Table 


All interrupts in the 8086 must be assigned an interrupt 
type which uniquely identifies each interrupt. There are 
three classes of interrupt types in the 8086; predefined 
interrupt types which are issued by specific functions 
within the 8086 and user defined hardware and software 
interrupts. Note that any interrupt type including the 
predefined interrupts can be issued by the user’s hard- 
ware and/or software. 

PREDEFINED INTERRUPTS 

The predefined interrupt types in the 8086 are listed 
below with a brief description of how each is invoked. 
When invoked, the CPU will transfer control to the 
memory location specified by the vector associated 
with the specific type. The user must provide the inter- 
rupt service routine and initialize the interrupt vector 
table with the appropriate service routine address. The 
user may additionally invoke these interrupts through 
hardware or software. If the preassigned function is not 
used in the system, the user may assign some other 
function to the associated type. However, for com- 
patibility with future Intel hardware and software prod- 
ucts for the 8086 family, interrupt types 0-31 should not 
be assigned as user defined interrupts. 

TYPE 0 - DIVIDE ERROR 


TYPE 1 - SINGLE STEP 

This interrupt type occurs one instruction after the TF 
(Trap Flag) is set in the flag register. It is used to allow 
software single stepping through a sequence of code. 
Single stepping is initiated by copying the flags onto the 
stack, setting the TF bit on the stack and popping the 
flags. The interrupt routine should be the single step 
routine. The interrupt sequence saves the flags and pro- 
gram counter, then resets the TF flag to allow the single 
step routine to execute normally. To return to the 
routine under test, an interrupt return restores the IP, 
CS and flags with TF set. This allows the execution of 
the next instruction in the program under test before 
trapping back to the single step routine. Single Step is 
not masked by the IF (Interrupt Flag) bit in the flag 
register. 

TYPE 2 — NMI (Non-Maskable Interrupt) 

This is the highest priority hardware interrupt and is 
non-maskable. The input is edge triggered but is syn- 
chronized with the CPU clock and must be active for two 
clock cycles to guarantee recognition. The interrupt 
signal may be removed prior to entry to the service 
routine. Since the input must make a low to high transi- 
tion to generate an interrupt, spurious transitions on the 
input should be suppressed. If the input is normally 
high, the NMI low time to guarantee triggering is two 
CPU clock times. This input is typically reserved for 
catastrophic failures like power failure or timeout of a 
system watchdog timer. 

TYPE 3 - ONE BYTE INTERRUPT 

This is invoked by a special form of the software inter- 
rupt instruction which requires a single byte of code 
space. Its primary use is as a breakpoint interrupt for 
software debug. With full representation within a single 
byte, the instruction can map into the smallest instruc- 
tion for absolute resolution in setting breakpoints. The 
interrupt is not maskable. 

TYPE 4 - INTERRUPT ON OVERFLOW 

This interrupt occurs if the overflow flag (OF) is set in 
the flag register and the INTO instruction is executed. 
The instruction allows trapping to an overflow error ser- 
vice routine. The interrupt is non-maskable. 

Interrupt types 0 and 2 can occur without specific action 
by the programmer (except for performing a divide for 
Type 0) while types 1,3, and 4 require a conscious act by 
the programmer to generate these interrupt types. All 
but type 2 are invoked through software activity and are 
directly associated with a specific instruction. 


This interrupt type is invoked whenever a division opera- 
tion is attempted during which the quotient exceeds the 
maximum value (ex. division by zero). The interrupt is 
non-maskable and is entered as part of the execution of 
the divide instruction. If interrupts are not reenabled by 
the divide error interrupt service routine, the service 
routine execution time should be included in the worst 
case divide instruction execution time (primarily when 
considering the longest instruction execution time and 
its effect on latency to servicing hardware interrupts). 


USER DEFINED SOFTWARE INTERRUPTS 

The user can generate an interrupt through the software 
with a two byte interrupt instruction INT nn. The first 
byte is the INT opcode while the second byte (nn) con- 
tains the type number of the interrupt to be performed. 
The INT instruction is not maskable by the interrupt 
enable flag. This instruction can be used to transfer con- 
trol to routines that are dynamically relocatable and 
whose location in memory is not known by the calling 
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program. This technique also saves the flags of the call- 
ing program on the stack prior to transferring control. 
The called procedure must return control with an inter- 
rupt return (IRET) instruction to remove the flags from 
the stack and fully restore the state of the calling pro- 
gram. 

All interrupts invoked through software (all interrupts 
discussed thus far with the exception of NMI) are not 
maskable with the IF flag and initiate the transfer of 
control at the end of the instruction in which they occur. 
They do not initiate interrupt acknowledge bus cycles 
and will disable subsequent maskable interrupts by 
resetting the IF and TF flags. The interrupt vector for 
these interrupt types is either implied or specified in the 
instruction. Since the NMI is an asynchronous event to 
the CPU, the point of recognition and initiation of the 
transfer of control is similar to the maskable hardware 
interrupts. 

USER DEFINED HARDWARE INTERRUPTS 

The maskable interrupts initiated by the system hard- 
ware are activated through the INTR pin of the 8086 and 
are masked by the IF bit of the status register (interrupt 
flag). During the last clock cycle of each instruction, the 
state of the INTR pin is sampled. The 8086 deviates from 
this rule when the instruction is a MOV or POP to a seg- 
ment register. For this case, the interrupts are not 
sampled until completion of the following instruction. 
This allows a 32-bit pointer to be loaded to the stack 
pointer registers SS and SP without the danger of an in- 
terrupt occurring between the two loads. Another excep- 
tion is the W AIT ins truction which waits for a low active 
input on the TEST pin. this instruction also continu- 
ously samples the interrupt request during its execution 
and allows servicing interrupts during the wait. When an 
interrupt is detected, the WAIT instruction is again 
fetched prior to servicing the interrupt to guarantee the 
interrupt routine will return to the WAIT instruction. 


UNINTERRUPTABLE INSTRUCTION SEQUENCE 

MOV SS, N E W$ST AC K$SEG M E NT 

MOV SP, NEW$STACK$ POINTER 

Also, since prefixes are considered part of the instruc- 
tion they precede, the 8086 will not sample the interrupt 
line until completion of the instruction the prefix(es) 
precede(s). An exception to this (other than HALT or 
WAIT) is the string primatives preceded by the repeat 
(REP) prefix. The repeated string operations will sample 
the interrupt line at the completion of each repetition. 
This includes repeat string operations which include the 
lock prefix. If multiple prefixes precede a repeated 
string operation, and the instruction is interrupted, only 
the prefix immediately preceding the string primative is 
restored. To allow correct resumption of the operation, 
the following programming technique may be used: 

LOCKED$BLOCK$MOVE: LOCK REP MOVS DEST, CS:SOURCE 
AND CX, CX 
JNZ LOCKED$BLOCK$MOVE 

The code bytes generated by the 8086 assembler for the 
MOVS instruction are (in descending order): LOCK 
prefix, REP prefix, Segment Override prefix and MOVS. 
Upon return from the interrupt, the segment override 
prefix is restored to guarantee one additional transfer is 
performed between the correct memory locations. The 
instructions following the move operation test the 
repetition count value to determine if the move was 
completed and return if not. 

If the INTR pin is high when sampled and the IF bit is set 
to enable interrupts, the 8086 executes an interrupt 
acknowledge sequence. To guarantee the interrupt will 
be acknowledged, the INTR input must be held active 
until the interrupt acknowledge is issued by the CPU. If 
the BIU is running a bus cycle when the interrupt condi- 
tion is detected (as would occur if the BIU is fetching an 
instruction when the current instruction completes), the 
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Figure 3E2. Interrupt Acknowledge Sequence 
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interrupt must be valid at the 8086 2 clock cycles prior to 
T4 of the bus cycle if the next cycle is to be an interrupt 
acknowledge cycle. If the 2 clock setup is not satisfied, 
another pending bus cycle will be executed before the 
interrupt acknowledge is issued. If.a hold request is also 
pending (this might occur if an interrupt and hold re- 
quest are made during execution of a locked instruc- 
tion), the interrupt is serviced after the hold request is 
serviced. 

The interrupt acknowledge sequence is only generated 
in response to an interrupt on the 8086 INTR input. The 
associated bus acti vity is shown in Figure 3E2. The cy- 
cle consists of two INTA bus cycles separa ted by two 
idle clock cycles. During the bus cycles the INTA com- 
mand is issued rather than read. No addre ss is provided 
by the 8086 during either bus cycle (BHE and status are 
valid), however, ALE is still generated and will load the 
address latches with indeterminate information. This 
condition requires that devices in the system do not 
drive their outputs without being qualified by the Read 
Command. As will be shown later, the ALE is useful in 
maximum mode systems with m ultipl e 8259A priority in- 
terrupt controllers. During the INTA bus cycles, DT/R 
and DEN are conditioned to allow the 8086 to receive a 
one byte interru pt typ e number from the interrupt 
system. The first INTA bus cycle signals an interrupt 
acknowledge cycle is in progress and allows the system 
to pr epare to present the interrupt type number on the 
next INTA bus cycle. The CPU does not capture informa- 
tion on the bus during the first cycle. The type number 
must be transferred to the 8086 on the lower half of the 
16-bit data bus during the second cycle. This implies 
that devices which present interrupt type numbers to 
the 8086 must be located on the lower half of the 16-bit 
data bus. The timing of the INTA bus cycles (with excep- 
tion of address timing) is similar to read cycle timing. 
The 8086 interrupt acknowledge sequence deviates 
from the form used on 8080 and 8085 in that no instruc- 
tion is issued as part of the sequence. The 8080 and 

8085 required either a restart or call instruction be 
issued to affect the transfer of control. 

In the minimum mode syste m, th e M/IO signal will be 
low indi cating I/O during the INTA bus cycles. The 8086 
internal LOCK signal will be active from T2 of the first 
bus cycle until T2 of the second to prevent the B IU from 
honoring a hold request between the two INTA cycles. 

In the maximum mode, the st atus lines S0-S2 will re- 
quest th e 8288 to activate the INTA output for each cy- 
cle. The LOCK output of the 8086 will be active from T2 
of the first cycle until T2 of the second to prevent the 

8086 from honoring a hold request on either RQ/GT in- 
put and to prevent bus arbitra tion logic from relinquish- 
ing the bus between INTA’s in multi-master systems. 
The consequences of READY are identical to those for 
READ and WRITE cycles. 

Once the 8086 has the interrupt type number (from the 
bus for hardware interrupts, from the instruction stream 
for software interrupts or from the predefined con- 
dition), the type number is multiplied by four to form the 
displacement to the corresponding interrupt vector in 
the interruDt vector table. The four bytes of the interrupt 


vector are: least significant byte of the instruction 
pointer, most significant byte of the instruction pointer, 
least significant byte of the code segment register, 
most significant byte of the code segment register. Dur- 
ing the transfer of control, the CPU pushes the flags and 
current code segment register and instruction pointer 
onto the stack. The new code segment and instruction 
pointer values are loaded and the single step and inter- 
rupt flags are reset. Resetting the interrupt flag disables 
response to further hardware interrupts in the service 
routine unless the flags are specifically re-enabled by 
the service routine. The CS and IP values are read from 
the interrupt vector table with data read cycles. No seg- 
ment registers are used when referencing the vector 
table during the interrupt context switch. The vector 
displacement is added to zero to form the 20-bit address 
and S4, S3 =10 indicating no segment register selec- 
tion. 

The actual bus activity associated with the hardware in- 
terrupt acknowledge sequence is as follows: Two inter- 
rupt acknowledge bus cycles, read new IP from the in- 
terrupt vector table, read new CS from the interrupt vec- 
tor table, Push flags, Push old CS, Opcode fetch of the 
first instruction of the interrupt service routine, and 
Push old IP. After saving the old IP, the BIU will resume 
normal operation of prefetching instructions into the 
queue and servicing EU requests for operands. S5 (inter- 
rupt enable flag status) will go inactive in the second 
clock cycle following reading the new CS. 

The number of clock cycles from the end of the instruc- 
tion during which the interrupt occurred to the start of 
interrupt routine execution is 61 clock cycles. For soft- 
ware generated interrupts, the sequence of bus cycles 
is the same except no interrupt acknowledge bus cycles 
are executed. This reduces the delay to service routine 
execution to 51 clocks for INT nn and single step, 52 
clocks for INT3 and 53 clocks for INTO. The same inter- 
rupt setup requirements with respect to the BIU that 
were stated for the hardware interrupts also apply to the 
software interrupts. If wait states are inserted by either 
the memories or the device supplying the interrupt type 
number, the given clock times will increase accordingly. 

When considering the precedence of interrupts for 
multiple simultaneous interrupts, the following guide- 
lines apply: 1. INTR is the only maskable interrupt and if 
detected simultaneously with other interrupts, resetting 
of IF by the other interrupts will mask INTR. This causes 
INTR to be the lowest priority interrupt serviced after all 
other interrupts unless the other interrupt service 
routines reenable interrupts. 2. Of the nonmaskable in- 
terrupts (NMI, Single Step and software generated), in 
general, Single Step has highest priority (will be ser- 
viced first) followed by NMI, followed by the software in- 
terrupts. This implies that a simultaneous NMI and 
Single Step trap will cause the NMI service routine to 
follow single step; a simultaneous software trap and 
Single Step trap will cause the software interrupt ser- 
vice routine to follow single step and a simultaneous 
NMI and software trap will cause the NMI service 
routine to be executed followed by the software inter- 
rupt service routine. An exception to this priority struc- 
ture occurs if all three interrupts are pending. For this 
case, transfer of control to the software interrupt ser- 
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vice routine followed by the NMI trap will cause both the 
NMI and software interrupt service routines to be ex- 
ecuted without single stepping. Single stepping 
resumes upon execution of the instruction following the 
instruction causing the software interrupt (the next in- 
struction in the routine being single stepped). 

If the user does not wish to single step before INTR ser- 
vice routines, the single step routine need only disable 
interrupts during execution of the program being single 
stepped and reenable interrupts on entry to the single 
step routine. Disabling the interrupts during the pro- 
gram under test prevents entry into the interrupt service 
routine while single step (TF=1) is active. To prevent 
single stepping before NMI service routines, the single 
step routine must check the return address on the stack 
for the NMI service routine address and return control to 
that routine without single step enabled. As examples, 
consider Figures 3E3a and 3E3b. In 3E3a Single Step 
and NMI occur simultaneously while in 3E3b, NMI, INTR 
and a divide error all occur during a divide instruction 
being single stepped. 


TF, IF = 1 



Figure 3E3a. NMI During Single Stepping and Normal Single Step 
Operation 


TF = 1 
IF = 1 



CONTINUE TO SINGLE STEP 
THE PROGRAM 


Figure 3E3b. NMI, INTR, Single Step and Divide Error Simultaneous 
Interrupts 


SYSTEM CONFIGURATIONS 

To accommodate the INTA protocol of the maskable 
hardware interrupts, the 8259A is provided as part of the 
8086 family. This component is programmable to 
operate in both 8080/8085 systems and 8086 systems. 
The devices are cascadable in master/slave arrange- 
ments to allow up to 64 interrupts in the system. Figures 
3E4 and 3E5 are examples of 8259A’s in minimum and 
maximum mode 8086 systems. The minimum mode con- 
figuration (a) shows an 8259A connected to the CPU’s 
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multiplexed bus. Configuration (b) illustrates an 8259A 
connected to a demultiplexed bus system. These inter- 
connects are also applicable to maximum mode 
systems. The configuration given for a maximum mode 
system shows a master 8259A on the CPU’s multiplexed 
bus with additional slave 8259A’s out on the buffered 
system bus. This configuration demonstrates several 
unique features of the maximum mode system inter- 
face. If the master 8259A receives interrupts from a mix 
of slave 8259A’s and regular interrupting devices, the 
slaves must provide the type number for devices con- 
nected to them while the master provides the type 
number for devices directly attached to its interrupt in- 
puts. The master 8259A is programmable to determine if 
an interrupt is from a direct input or a slave 8259A and 
will use this information to enable or disable the data 
bus transceivers (via the ‘nand’ function of DEN and 
EN). If the master must provide the type number, it will 
disable the data bus transceivers. If the slave provides 
the type number, the master will enable the data bus 
transceivers. The EN output is normally high to allow 


the 8086/8288 to control the bus transceivers. To select 
the proper slave when servicing a slave interrupt, the 
master must provide a cascade address to the slave. If 
the 8288 is not strapped in the I/O bus m ode (th e 8288 
IOB input connected to ground), the MCE/PDEN output 
becomes a MCE or Master C ascade Enable output. This 
signal is only active during INTA cycles as shown in 
Figure 3E6 and enables the master 8259A’s cascade ad- 
dress onto the 8086’s local bus during ALE. This allows 
the address latches to capture the cascade address with 
ALE and allows use of the system address bus for 
select ing the proper slave 8259A. The MCE is gated with 
LOCK to minimize local bus contention between the 
8086 three-stating its bus outputs and the casc ade ad- 
dress being enabled onto the bus. The first INTA bus cy- 
cle allows the master to resolve internal priorities and 
output a cascade addre ss to be transmitted to the 
slaves on the subsequent INTA bus cycle. For additional 
information on the 8259A, reference application note 
AP-59. 



ADDRESS 

BUS 


DATA 

BUS 



Figure 3E4. Min Mode 8086 with Master 8259A on the Local Bus and Slave 8259As on the System Bus 
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3F. Interpreting the 8086 Bus Timing Diagrams 

At first glance, the 8086 bus timing diagrams (Diag. 3F1 
min mode and Diag. 3F2 max mode) appear rather com- 
plex. However, with a few words of explanation on how 
to interpret them, they become a powerful tool in deter- 
mining system requirements. The timing diagrams for 
both the minimum and maximum modes may be divided 
into six sections: (1) address and ALE timing; (2) read cy- 
cle timing; (3) write cycle timing; (4) interrupt acknowl- 
edge timing; (5) ready timing; and (6) HOLD/HLDA or 
RQ/GT timing. Since the A.C. characteristics of the 
signals are specified relative to the CPU clock, the rela- 
tionship between the majority of signals can be de- 
duced by simply determining the clock cycles between 
the clock edges the signals are relative to and adding or 
subtracting the appropriate minimum or maximum 
parameter values. One aspect of system timing not com- 
pensated for in this approach is the worst case relation- 
ship between minimum and maximum parameter values 
(also known as tracking relationships). As an example, 
consider a signal which has specified minimum and 
maximum turn on and turn off delays. Depending on 
device characteristics, it may not be possible for the 
component to simultaneously demonstrate a maximum 
turn-on and minimum turn-off delay even though worst 
case analysis might imply the possibility. This argument 
is characteristic of MOS devices and is therefore ap- 
plicable to the 8086 A.C. characteristics. The message 
is: worst case analysis mixing minimum and maximum 
delay parameters will typically exceed the worst case 
obtainable and therefore should not be subjected to fur- 
ther subjective degradation to obtain worst-worst case 
values. This section will provide guidelines for specific 
areas of 8086 timing sensitive to tracking relationships. 

A. MINIMUM MODE BUS TIMING 

1. ADDRESS and ALE 

The address/ALE timing relationship is important to 
determine the ability to capture a valid address from the 
multiplexed bus. Since the 8282 and 8283 latches cap- 
ture the address on the trailing edge of ALE, the critical 
timing involves the state of the address lines when ALE 
terminates. If the address valid delay is assumed to be 
maximum TCLAV and ALE terminates at its earliest 
point, TCHLLmin (assuming zero minimum delay), the 
address would be valid only TCLCHmin-TCLAVmax = 8 
ns prior to ALE termination. This result is unrealistic in 
the assumption of maximum TCLAV and minimum 
TCHLL. To provide an accurate measure of the true 
worst case, a separate parameter specifies the 
minimum time for address valid prior to the end of ALE 
(TAVAL). TAVAL = TCLCH-60 ns overrides the clock 
related timings and guarantees 58 ns of address setup 
to ALE termination for a 5 MHz 8086. The address is 
guaranteed to remain valid beyond the end of ALE by the 
TLLAX parameter. This specification overrides the rela- 
tionship between TCHLL and TCLAX which might seem 
to imply the address may not be valid by the end of the 
latest possible ALE. TLLAX holds for the entire address 
bus. The TCLAXmin spec on the address indicates the 
earliest the bus will go invalid if not restrained by a slow 
ALE. TLLAX and TCLAX apply to the entire multiplexed 
bus for both read and write cycles. ADI 5-0 is three- 


stated for read cycles and immediately switched to 
write data during write cycles. AD19-16 immediately 
switch from address to status for both read and write 
cycles. The minimum ALE pulse width is guaranteed by 
TLHLLmin which takes precedence over the value ob- 
tained by relating TCLLHmax and TCHLLmin. 

To determine the worst case delay to valid address on a 
demultiplexed address bus, two paths must be con- 
sidered: (1) delay of valid address and (2) delay to ALE. 
Since the 8282 and 8283 are flow through latches, a valid 
address is not transmitted to the address bus until ALE 
is active. A comparison of address valid delay TCLAV- 
max with ALE active delay TCLLHmax indicates TCLAV- 
max is the worst case. Subtracting the latch prop- 
agation delay gives the worst case address bus valid 
delay from the start of the bus cycle. 

2. Read Cycle Timing 

Read timing consists of conditioning the bus, activating 
the read command and establishing the data transceiver 
enable and direction controls. DT/R is established early 
in the bus cycle and requires no further consideration. 
During read, the DEN signal must allow the transceivers 
to propagate data to the CPU with the appropriate data 
setup time and c ontin ue to do so until the required data 
hold time. The DEN turn on delay allows TCLCL+ 
TCHCLmin - TCVCTVmax- TDVCL = 127 ns transceiver 
enable time prior to valid data required by the CPU. 
Sinc e the CPU data hold time TCLDXmin and minimum 
DEN turnoff delay TCVCTXmin are both 10 ns relative to 
the sam e cloc k edge, the hold time is guaranteed. Addi- 
tionally, DEN must disable the transceivers prior to the 
CPU redriving the bus with the address for the next bus 
cycle. The maximum DEN turn off delay (TCVCTXmax) 
compared with the minimum delay for addresses out of 
the 8086 (TCLCL + TCLAVmin) indicates the trans- 
ceivers are disabled at least 105 ns before the CPU 
drives the address onto the multiplexed bus. 

If memory or I/O devices are connected directly to the 
multiplexed address and data bus, the TAZRL parameter 
guarantees the CPU will float the bus before activating 
read and allowing the selected device to drive the bus. 
At the end of the bus cycle, the TRHAV parameter spec- 
ifies the bus float delay the device being deselected 
must satisfy to avoid contention with the CPU driving 
the address for the next bus cycle. The next bus cycle 
may start as soon as the cycle following T4 or any 
number of clock cycles later. 

The minimum delay from read active to valid data at the 
CPU is 2TCLCL- TCLRLmax- TDVCL= 205 ns. The 
minimum pulse width is 2TCLCL-75 ns = 325 ns. This 
specification (TRLRH) overrides the result which could 
be derived from clock relative delays (2TCLCL- 
TCLRLmax + TCLRHmin). 


3. Write Cycle Timing 

The write cycle involves providing write data to the 
system, generating the write command and controlling 
data bus transceivers. The transceiver direction control 
signal DT/R is conditioned to transmit at the end of each 
read cycle and does not change during a write cycle. 
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This allows the transceiver enable signal DEN to be ac- 
tive early in the cycle (while addresses are valid) without 
corrupting the address on the multiplexed bus. The 
write data and write command are both enabl ed fr om the 
leading edge of T2. Comparing minimum WR active 
delay TCVCTVmin with the maximum write data delay 
TCLDV indicates that write data may be not valid until 
100 ns after write is active. The devices in the system 
should capture data on the trailing edge of the write 
command rather than the leading edge to guarantee 
valid data. The data from the 8086 is valid a minimum of 
2TCLCL-TCLDVmax + TCVCTXmin = 300 ns before the 
trailing edge of write. The minimum write pulse width is 
TWLWH = 2TCLCL- 60 ns = 340 ns. The CPU maintains 
valid write data TWHDX ns after write. The TWHDZ spec- 
ification overrides the result derived by relating 
TCLCHmin and TCHDZmin which implies write data 
may only be valid 18 ns after WR. The 8086 floats the bus 
after write only if being forced off the bus by a HOLD or 


RQ input. Otherwise, the CPU simply switches the out- 
put drivers from data to address at the beginning of the 
next bus cycle. As with the read cycle, the next bus cy- 
cle may start in the clock cycle following T4 or any clock 
cycle later. 

DEN is disabled a minimum of TCLCHmin-i- 
TCVCTXmin - TCVCTXmax= 18 ns after write to 
guarantee data hold time to the selected device. Since 
we are again evaluating a minimum TCVCTX with a max- 
imum TCVCTX, the real minimum delay from the end of 
write to transceiver disable is approximately 60 ns. 

4. Interrupt Acknowledge Timing 

The interrupt acknowledge sequence consists of two in- 
terrupt acknowledge bus cycles as previously de- 
scribed. The detailed timing of each cycle is identical to 
the read cycle timing with two exceptions: command 
timing and address/data bus timing. 



Figure 3F1. 8086 Bus Timing — Minimum Mode System 
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NOTES: 1. ALL SIGNALS SWITCH BETWEEN V 0 H AND V 0 | UNLESS OTHERWISE 
SPECIFIED. 

2. RDY IS SAMPLED NEAR THE END OF T 2 , T 3 , T w TO DETERMINE IF Tw 
MACHINES STATES ARE TO BE INSERTED. 

3. BOTH INTA CYCLES RUN BACK-TO-BACK. THE 8088 LOCAL ADDR/DATA BUS IS 
FLOATING DURING THE SECOND INTA CYCLE. CONTROL SIGNALS SHOWN 
FOR SECOND INTA CYCLE. 

4. SIGNALS AT 8284 ARE SHOWN FOR REFERENCE ONLY. 

5. ALL TIMING MEASUREMENTS ARE MADE AT 1.5V UNLESS OTHERWISE 
NOTED. 


Figure 3F1. 8086 Bus Timing — Minimum Mode System (Con’t) 
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Figure 3F2a. 8086 Bus Timing — Maximum Mode System (Using 8288) 
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NOTES: 1. ALL SIGNALS SWITCH BETWEEN V 0 h AND V 0 L UNLESS OTHERWISE 
SPECIFIED. 

2. RDY IS SAMPLED NEAR THE END OF T 2 , T 3 , T W TO DETERMINE IF T w 
MACHINES STATES ARE TO BE INSERTED. 

3. CASCADE ADDRESS IS VALID BETWEEN FIRST AND SECOND INTA CYCLES. 

4. BOTH INTA CYCLES RUN BACK-TO-BACK. THE 8086 LOCAL ADDR/DATA BUS IS 
FLOATING DURING THE SECOND INTA CYCLE. CONTROL FOR POINTER ADDRESS 
IS SHOWN FOR SECOND INTA CYCLE. 

5. SIGNALS AT 8284 OR 8288 ARE SHOWN FOR REFERENCE ONLY. 

6. THE IS S UANC E OF T HE 828 8 COMM AND AND CONTROL SIGNALS (WRCC, 

MWTC, AMWC, RJRC, TOwC, AR5WC, iNfA AND DEN) LAGS THE ACTIVE HIGH 
8288 CEN. 

7. ALL TIMING MEASUREMENTS ARE MADE AT 1.5V UNLESS OTHERWISE 
NOTED. 

8. STATUS INACTIVE IN STATE JUST PRIOR TO T 4 . 


Figure 3F2b. 8086 Bus Timing — Maximum Mode System (Using 8288) (Con’t) 
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The multiplexe d addr ess/data bus floats from the begin- 
ning (T1) of the INTA cycle (within TCLAZ ns). The upper 
four multiplexed address/status lines do not three-state. 
The address value on A19-A16 is indeterminate but the 
status infor matio n will be valid (S3 = 0, S4 = 0, S5= IF, 
S6 = 0, S7 = BHE = 0). The multiplexed address/data 
line s will remain in three-state until the cycle after T4 of 
the IN TA cycle. This sequence occurs for each of the 
INTA bus cycles. The inter rupt type number read by the 
8086 on the second INTA bus cycle must satisfy the 
same setup and hold times required for data during a 
read cycle. 

The DEN and DT/R signals are enabled for each INTA cy- 
cle and do not remain active between the two cycles. 
Their timing for each cycle is identical to the read cycle. 

The INTA command has the same timing as the write 
command. It is active within 1 10 ns of the start of T2 pro- 
viding 260 ns of access time from command to data 
valid at the 8086. The command is active a minimum of 
TCVCTXmin = 10 ns into T4 to satisf y the data hold time 
of the 8086. This provides minimum INTA pulse width of 
300 ns, however taking signal delay tracking into con- 
sideration gives a minimum puls e wid th of 340 ns. Since 
the maximum inactive delay of INTA is TCVCTXmax = 
110 ns and the CPU will not drive the bus until 15 ns 
(TCLAVmin) into the next clock cycle, 105 ns are avail- 
able for interrupt devices on the local bus to float their 
outputs. If the data bus is buffered, DEN provides the 
same amount of time for local bus transceivers to three- 
state their outputs. 

5. Ready Timing 

The detailed timing requirements of the 8086 ready 
signal and the system ready signal into the 8284 are 
described in Section 3D. The system ready signal is 
typically generated from either the address decode of 
the selected dev ice o r the address decode and the com- 
mand (RD, WR, INTA). For a system which is normally 
not ready, the time to generate ready from a valid ad- 
dress and not insert a wait state, is 2TCLCL- 
TCLAVmax- TR1VCLmax = 255 ns. This time is avail- 
able for buffer delays and address decoding to deter- 
mine if the selected device does not require a wait state 
and drive the RDY line high. If wait cycles are required, 
the user hardware must provide the appropriate ready 
delay. Since the address will not change until the next 
ALE, the RDY will remain valid throughout thecycle. If 
the system is normally ready, selected devices requiring 
wait states also have 255 ns to disable the RDY line. The 
user circuitry must delay re-enabling RDY by the ap- 
propriate number of wait states. 

If the RD command is used to enable the RDY signal, 
TCLCL - TCLRLmax - TRI VCLmax =15 ns are available 
for external logic. If the WR command is used, TCLCL- 
TCVCTVmax-TRIVCLmax = 55 ns are available. Com- 
parison of RDY control by address or command in- 
dicates that address decoding provides the best timing. 
If the system is normally not ready, address decode 
alone could be used to provide RDY for devices not re- 
quiring wait states while devices requiring wait states 
may use a combination of address decode and com- 
mand to activate a wait state generator. If the system is 


normally ready, devices not requiring wait states do 
nothing to RDY while devices needing wait states 
should disable RDY via the address decode and use a 
combination of address decode and command to ac- 
tivate a delay to re-enable RDY. 

If the system requires no wait states for memory and a 
fixed number of_wait states for RD and WR to all I/O 
devices, the M/IO signal can be used as an early indica- 
tion of the need for wait cycles. This allows a common 
circuit to control ready timing for the entire system 
without feedback of address decodes. 

6. Other Considerations 

Detailed HOLD/HLDA timing is covered in the next sec- 
tion and is not examined here. One last signal con- 
sideration needs t o be mentioned for the minimum 
mode system. The TEST input is sampled by the 8086 
only during execution of the WAIT instruction. The TEST 
signal should be active for a minimum of 6 clock cycles 
during the WAIT instruction to guarantee detection. 

B. MAXIMUM MODE BUS TIMING 

The maximum mode 8086 bus operations are logically 
equivalent to the minimum mode operation. Detailed 
timing analysis now involves signals generated by the 
CPU and the 8288 bus controller. The 8288 also provides 
additional control and command signals which expand 
the flexibility of the system. 

1. ADDRESS and ALE 

In the maximum mode, the address information con- 
tinues to come from the CPU while the ALE strobe is 
generated by the 8288. To determine the worst case rela- 
tionships between ALE and the address, we first _m ust 
determine 8288 ALE activation relative to the S0-S2 
status from the CPU. The maximum mode timing 
diagram specifies two possible delay paths to generate 
ALE. The first is TCHSV + TSVLH measured from the ris- 
ing edge of the clock cycle preceding T1. The second 
path is TCLLH measured from the start of T1. Since the 
8288 initiates a bus cycle from the status lines leaving 
the passive state (S0-S2 = 1), if the 8086 is late in issuing 
the status (TCHSVmax) while the clock high time is a 
minimum (TCHCLmin), the status will not have changed 
by the start of T1 and ALE is issued TSVLH ns after the 
status changes. If the status changes prior to the begin- 
ning of T1, the 8288 will not issue the ALE until TCLLH 
ns after the start of T1 . The resulting worst case delay to 
enable ALE (relative to the start of T1) is TCHSVmax-i- 
TSVLHmax- TCHCLmin = 58 ns. Note, when calcu- 
lating signal relationships, be sure to use the proper 
maximum mode values rather than equivalent minimum 
mode values. 

The trailing edge of ALE is triggered in the 8288 by the 
positive clock edge in T1 regardless of the delay to 
enable ALE. The resulting minimum ALE pulse width is 
TCLCHmax - 58 ns = 75 ns assuming TCHLL = 0. 
TCLCHmax must be used since TCHCLmin was as- 
sumed to derive the 58 ns ALE enable delay. The ad- 
dress is guaranteed to be valid TCLCHmin-i- 
TCHLLmin - TC LAV max = 8 ns prior to the trailing edge 
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of ALE to capture the address in the 8282 or 8283 
latches. Again we have assumed a very conservative 
TCHLL = 0. Note, since the address and ALE are driven 
by separate devices, no tracking of A.C. characteristics 
can be assumed. 

The address hold time to the latches is guaranteed by 
the address remaining valid until the end of T1 while 
ALE is disabled a maximum of 15 ns from the positive 
clock transition in T1 (TCHCLmin-TCHLLmax = 52 ns 
address hold time). The multiplexed bus transitions 
from address to status and write data or three-state (for 
read) are identical to the minimum mode timing. Also, 
since the address valid delay (TCLAV) remains the 
critical path in establishing a valid address, the address 
access times to valid data and ready are the same as the 
minimum mode system. 

2. Read Cycle Timing 

The maximum mode system offers read signals 
generated by both the 8086 and the 8288. The 8086 RD 
output signal timing is identical to the minimum mode 
system. Since the A.C. characteristics of the read com- 
mands generated by the 8288 are significantly better 
than the 8086 output, access to devices on the demul- 
tiplexed buffered system bus should use the 8288 com- 
mands. The 8086 RD signal is available for devices 
which reside directly on the multiplexed bus. The 
following evaluations for read, write and interrupt 
acknowledge only consider the 8288 command timing. 

The 8288 provides separate memory and I/O read signals 
which conform to the same A.C. characteristics. The 
commands are issued TCLML ns after the start of T2 
and terminate TCLMH ns after the start of T4. The 
minimum command length is 2TCLCL-TCLMLmax + 
TCLMLmin = 375 ns. The access time to valid data at the 
CPU is 2TCLCL-TCLMLmax-TDVCLmax = 335 ns. 
Since the 8288 was designed for systems with buffered 
data busses, the commands are enabled before the CPU 
has three-stated the multiplexed bus and should not be 
used with devices which reside directly on the multi- 
plexed bus (to do so could result in bus contention dur- 
ing 8086 bus float and device turn-on). 

The direction control for data bus transceivers is estab 
lished in T1 while the transceivers are not enabled by 
DEN until the positive clock transition of T2. This pro- 
vides TCLCH + TCVNVmin= 123 ns for 8086 bus float 
delay and TCHCLmin + TCLCL - TCVN Vmax - 
TDVCLmax = 187 ns of transceiver active to data valid at 
the CPU. Since both DEN and command are valid a mini- 
mum of 10 ns into T4, the CPU data hold time TCLDX is 
guaranteed. A maximum DEN disable of 45 ns (TCVNX 
max) guarantees the transceivers are disabled by the 
start of the next 8086 bus cycle (215 ns minimum from 
the same clock edge). On the positive clock transition of 
T4, DT/R is returned to transmit in preparation for a 
possible write operation on the next bus cycle. Since 
the system memory and I/O devices reside on a buffered 
system, bus, they must three-state their outputs before 
the device for the next bus cycle is selected (approxi- 
mately 2TCLCL) or the transceivers drive write data onto 
the bus (approximately 2TCLCL). 


3. Write Cycle Timing 

In the maximum mode, the 8288 provides normal and ad- 
vanced write commands for memory and I/O. The ad- 
vanced write commands are active a full clock cycle 
ahead of the normal write commands and have timing 
identical to the read commands. The advanced write 
pulse width is 2TCLCL- TCLMLmax + TCLMHmin = 375 
ns while the normal write pulse width is TCLCL- 
TCLMLmax + TCLMHmin = 175 ns. Write data setup 
time to the selected device is a function of either the 
data valid delay from the 8086 (TCLDV) or the transceiver 
enable delay TCVNV. The worst case delay to valid write 
data is TCLDV = 110 ns minus transceiver propagation 
delays. This implies the data may not be valid until 100 
ns after the advanced write command but will be valid 
approximately TCLCL -TCLDVmax-f TCLMLmin = 100 
ns prior to the leading edge of the normal write com- 
mand. Data will be valid 2TCLCL-TCLDVmax + 
TCLMHmin = 300 ns before the trailing edge of either 
write command. The data and command overlap for the 
advanced command is 300 ns while the overlap with the 
normal write command is 175 ns. The transceivers are 
disabled a minimum of TCLCHmin-TCLMHmax + 
TCVNXmin = 85 ns after the write command while the 
CPU provides valid data a minimum of TCLCHmin- 
TCLMHmax + TCHDZmin = 85 ns. This guarantees write 
data hold of 85 ns after the write command. The trans- 
ceivers are disabled TCLCL - TCVNXmax + 
TCHDTLmin = 155 ns (assuming TCHDTL=0) prior to 
transceiver direction change for a subsequent read 
cycle. 

4. Interrupt Acknowledge Timing 

The maximum mode INTA sequence is logically iden- 
tical to the minimum mode seque nce. The transceiver 
control (DEN and DT/R) and INTA command timing of 
each interrupt acknowledge cycle is identical to the 
read cycle. As in the minimum mode system, the multi- 
plexed addres s/data bus will float from the leading edge 
of T1 for each INTA bus cyc le an d not be driven by the 
CPU until after T4 of each INTA cycle. The setup and 
hold times on the vector number for the second cycle 
are the same as data setup and hold for the read. If the 
device providing the interrupt vector number is con- 
nected to the local bus, TCLCL- TCLAZmax + 
TCLM Lmin = 130 ns are available from 8086 bus float to 
INTA command active. The selected device on the local 
bus must disable the system data bus transceivers 
since DEN is still generated by the 8288. 

If the 8288 is not in the IOB (I/O feus) mode, the 8288 
MCE/PDEN output becom es the MCE output. This out- 
put is active during each INTA cycle and overlaps the 
ALE signal during T1. The MCE is available for gating 
cascade addresses from a master 8259A onto three of 
the upper AD15-AD8 lines and allowing ALE to latch the 
cascade address into the address latches. The address 
lines may then be used to provide CAS address selec- 
tion to slave 8259A’s located on the system bus (refer- 
ence Figure 3E5). MCE is active within 15 ns of status or 
the start of T1 for each INTA cycle. MCE should not 
enable the CAS lines onto the multiplexed bus during 
the first cycle since the CPU does not guarantee to float 
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the bus until 80 ns into the first INTA cycl e. The first 
MCE can be inhibited by gating MCE with LOCK. The 
8086 LOCK output is activated during T2 of the first 
cycle and disable d during T2 of the second cycle. The 
overlap of LOCK with MCE allows the first MCE to be 
masked and the second MCE to gate the cascade ad- 
dress onto the local bus. Since the 8259A will not pro- 
vide a cascade address until the second cycle, no infor- 
mation is lost. As with ALE, MCE is guaranteed valid 
within 58 ns of the start of T1 to allow 75 ns CAS ad- 
dress setup to the trailing edge of ALE. MCE remains 
active TCHCLmin - TCHLLmax + TCLMCLmin = 52 ns 
after ALE to provide data hold time to the latches. 

If the 828 8 is str apped in the IOB mode, the MCE output 
becomes PDEN and all I/O references are assumed to be 
devices on the local bus r ather than the demultiplexed 
system bus. Since INTA cycles are considered I/O 
cycles, all interrupts are assumed to come from the 
local system and cascade addresses are not gated onto 
the system address bus. Additionally, the DEN signal is 
not enabled since no I/O transfers occur on the system 
bus. If the local I/O bus is also buffered by transceivers, 
the PD EN signal is used to enable those transceivers. 
PDEN A.C. characteristics are identical to DEN with 
PDEN enabled for I/O references and DEN enabled for 
instruction or memory data references. 

5. Ready Timing 

Ready timing based on address valid timing is the same 
for maximum and minimum mode systems. The delay 
from 8288 command valid to RDY valid at the 8284 is 
TCLCL-TCLMLmax-TRIVCLmin = 130 ns. This time is 
available for external circuits to determine the need to 
insert wait states and d isable RDY or enable RDY to 
avoid wait states. INTA, all read commands and ad- 
vanced write commands provide this timing. The normal 
write command is not valid until after the RDY signal 
must be valid. Since both normal and advanced write 
commands are generated by the 8288 for all write 
cycles, the advanced write may be used to generate a 
RDY indication even though the selected device uses 
the normal write command. 

Since separate commands are provided for memory and 
I/O, no M/IO signal is specifically available as in the 
minimum mode to allow an early ‘wait state required’ in- 
dication for I/O devices. The S2 status line, however is 
logically equivalent to the M/IO signal and can be used 
for this purpose. 

6. Other Considerations 

The RQ/GT timing is covered in the next section and will 
not be duplicated here. The only additional signals to be 
considered in the maximum mode are the queue status 
lines QSO, QS1. These signals are changed on the 
leading edge of each clock cycle (high to low transition) 
including idle and wait cycles (the queue status is in- 
dependent of the bus activity). External logic may sam- 
ple the lines on the low to high transition of each clock 
cycle. When sampled, the signals indicate the queue ac- 
tivity in the previous clock cycle a nd the refore lag the 
CPU’s activity by one cycle. The TEST input require- 


ments are identical to those stated for the minimum 
mode. 

To inform the 8288 of HALT status when a HALT instruc- 
tion is executed, the 8086 will initiate a status transition 
from passive to HALT status. The status change will 
cause the 8288 to emit an ALE pulse with an indeter- 
minate address. Since no bus cycle is initiated (no com- 
mand is issued), the results of this address will not af- 
fect CPU operation (i.e., no response such as READY is 
expected from the system). This allows external hard- 
ware to latch and decode all transitions in system 
status. 

3G. Bus Control Transfer (HOLD/HLDA and RQ/GT) 

The 8086 supports protocols for transferring control of 
the local bus between itself and other devices capable 
of acting as bus masters. The minimum mode config- 
uration offers a signal level handshake similar to the 
8080 and 8085 systems. The maximum mode provides 
an enhanced pulse sequence protocol designed to op- 
timize utilization of CPU pins while extending the 
system configurations to two prioritized levels of alter- 
nate bus masters. These protocols are simply tech- 
niques for arbitration of control of the CPU’s local bus 
and should not be confused with the need for arbitration 

of a system bus. 

♦ 

1. MINIMUM MODE 

The minimum mode 8086 system uses a hold request in- 
put (HOLD) to the CPU and a hold acknowledge (HLDA) 
output from the CPU. To gain control of the bus, a 
device must assert HOLD to the CPU and wait for the 
HLDA before driving the bus. Whe n the 8086 can_ relin- 
quish the bus, it floa ts the RD, WR, INTA and M/IO com- 
mand lines, the DEN and DT/R bus control lines and the 
multiplexed address/data/status lines. The ALE signal is 
not three-stated. The CPU acknowledges the request 
with HLDA to allow the requestor to take control of the 
bus. The requester must maintain the HOLD request ac- 
tive until it no longer requires the bus. The HOLD re- 
quest to the 8086 directly affects the bus interface unit 
and only indirectly affects the execution unit. The CPU 
will continue to execute from its internal queue until 
either more instructions are needed or an operand 
transfer is required. This allows a high degree of overlap 
between CPU and auxiliary bus master operation. When 
the requestor drops the HOLD signal, the 8086 will re- 
spond by dropping HLDA. The CPU will not re-drive the 
bus, command and control signals from three-state until 
it needs to perform a bus transfer. Since the 8086 may 
still be executing from its internal queue when HOLD 
drops, there may exist a period of time during which no 
device is driving the bus. To prevent the command lines 
from drifting below the minimum VIH level during the 
transition of bus control, 22K ohm pull up resistors 
should be connected to the bus command lines. The 
timing diagram in Figure 3G1 shows the handshake se- 
quence and 8086 timing to sample HOLD, float the bus, 
and enable/disable HLDA relative to the CPU clock. 

To guarantee valid system operation, the designer must 
assure that the requesting device does not assert con- 
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trol of the bus prior to the 8086 relinquishing, control and 
that the device relinquishes control of the bus prior to 
the 8086 driving the bus. The HOLD request into the 
8086 must be stable THVCH ns prior to the CPU’s low to 
high clock transition. Since this input is not syn- 
chronized by the CPU, signals driving the HOLD input 
should be synchronized with the CPU clock to 
guarantee the setup time is not violated. Either clock 
edge may be used. The maximum delay between HLDA 
and the 8086 floating the bus is TCLAZmax- 
TCLHAVmin = 70 ns. If the system cannot tolerate the 
70 ns overlap, HLDA active from the 8086 should be 
delayed to the device. The minimum delay for the CPU to 
drive the control bus from HOLD inactive is THVCHmin 
+ 3TCLCL= 635 ns and THVCHmin + 3TCLCL + 
TCHCL=701 ns to drive, the multiplexed bus. If the 
device does not satisfy these requirements, HOLD inac- 
tive to the 8086 should be delayed. The delay from HLDA 
inactive to driving the busses is TCLCL + TCLCHmin- 
TCLHAVmax = 1 58 ns for the control bus and 2TCLCL - 
TCLHAVmax = 240 ns for the data bus. 


1.1 Latency of HLDA to HOLD 

The decision to respond to a HOLD request is made in 
the bus interface unit. The major factors that influence 
the de cision are the current bus activity, the state of the 
LOCK signal internal to the CPU (activated by the soft- 
ware LOCK prefix) and interrupts. 


If the LOCK is not active, an interrupt acknowledge cy- 
cle is not in progress and the BIU (Bus Interface Unit) is 
executing a T4' or Tl when the HOLD request is received, 
the minimum latency to HLDA is: 


35 ns THVCH min (Hold setup) 

65 ns TCHCL min 

200 ns TCLCL (bus float delay) 

10 ns TCLHAV min (HLDA delay) 

310 ns @5 MHz 


The maximum delay under these conditions is: 


34 ns 

Oust missed setup time) 

200 ns 

delay to next sample 

82 ns 

TCHCL max 

200 ns 

TCLCL (bus float delay) 

160 ns 

TCLHAV max (HLDA delay) 

677 ns 

@ 5 MHz 

If the BIU just initiated a bus cycle when the HOLD Re- 

quest was received, 

the worst case response time is: 

34 ns 

THVCH (just missed) 

82 ns 

TCHCL max 

7*200 

bus cycle execution 

N*200 

N wait states/bus cycle 

160 ns 

TCLHAV max (HLDA delay) 

1.676 M s 

@ 5 MHz, no wait states 


Note, the 200 ns delay for just missing is included in the 
delay for bus cycle execution. If the operand transfer is 
a word transfer to an odd byte boundary, two bus cycles 
are executed to perform the transfer. The BIU will not 
acknowledge a HOLD request between the two bus 
cycles. This type of transfer would extend the above 
maximum latency by four additional clocks plus N addi- 
tional wait states. With no wait states in the bus cycle, 
the maximum would be 2.476 microseconds. 

Altho ugh th e minimum mode 8086 does not have a hard- 
ware LOCK output, the software LOCK prefix may still 
be included in the instruction stream. The CPU internal- 
ly reacts to the LOCK prefix as would the maximum 
mode 8086. Therefore, the LOCK does not allow a HOLD 
request to be honored until completion of the instruc- 
tion following the prefix. This allows an instruction 
which performs more than one memory reference (ex. 
ADD [BX], CX; which adds CX to [BX]) to execute without 
another bus master gaining control of the bus between 
memory references. Since the LOCK signal is active for 
one clock longer than the instruction execution, the 
maximum latency to HLDA is: 


(SAMPLE) 



Figure 3d1. HOLD/HLDA Sequence 
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34 ns 

THVCH (just miss) 

200 ns 

delay to next sample 

82 ns 

TCHCL max 

(M + 1)*200 ns 

LOCK instruction execution 

200 ns 

set up HLDA (internal) 

160 ns 

TCLHAV max (HLDA delay) 

(M*200 ns) + 876 ns @ 5 MHz 

If the HOLD request is made at the beginning of an inter- 
rupt acknowledge sequence, the maximum latency to 

HLDA is: 


34 ns 

THVCH (just missed) 

82 ns 

TCHCL max 

2600 ns 

13 clock cycles for INTA 

160 ns 

TCLHAV max 

2.876 jus 

@ 5 MHz 

1.2 Minimum Mode DMA Configuration 


A typical use of the HOLD/HLDA signals in the minimum 
mode 8086 system is bus control exchange with DMA 
devices like the Intel 8257-5 or 8237 DMA controllers. 
Figure 3G2 gives a general interconnect for this type of 
configuration using the 8237-2. The DMA controller 
resides on the upper half of the 8086’s local bus and 
shares the A8-A15 demultiplexing address latch of the 
8086. All registers in the 8237-2 must be assigned odd 
addresses to allow initialization and interrogation by the 
CPU over the upper half of the data bus. The 8086 
RD/WR commands must be demultiplexed to provide 
separate I/O and memory commands which are compati- 
ble with the 8237-2 commands. The AEN control from 
the 8237-2 must disable the 8086 commands from the 
command bus, disable the address latches from the 
lower (A0-A7) and upper (A19-A16) address bus and 
select the 8237-2 address strobe (ADSTB) to the A8-A15 
address latch. If the data bus is buffered, a pull-up 
resistor on the DEN line will keep the buffers disabled. 
The DMA controller will only transfer bytes between 


VcC 



Figure 3G2. DMA Using the 8237-2 
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memory and I/O and requires the I/O devices to reside on 
an 8-bit bus derived from the 16-bit to 8-bit bus multiplex 
circuit given in Section 4. Addr ess lines A7-A0 are driven 
directly by the 8237 and BHE is generated by inverting 
AO. If A19-A16 are used, they must be provided by an ad- 
ditional port with either a fixed value or initialized by 
software and enabled onto the address bus by AEN. 

Figure 3G3 gives an interconnection for placing the 
8257 on the system bus. By using a separate latch to 
hold the upper address from the 8257-5 and connecting 
the outputs to the address bus as shown, 16-bit DMA 
transfers are provided. In this conf iguration, AEN 
simultaneously enables AO and BHE to allow word 
transfers. AEN still disables the CPU interface to the 
command and address busses. 

2. MAXIMUM MODE (RQ/GT) 

The maximum mode 8086 configuration supports a sig- 
nificantly different protocol for transferring bus control. 
When viewed with respect to the HOLD/HLDA sequence 
of the minimum mode, the protocol appears difficult to 
implement externally. However, it is necessary to under- 
stand the intent of the protocol and its purpose within 
the system architecture. 


2.1 Shared System Bus (RQ/GT Alternative) 

The maximum mode RQ/GT sequence is intended to 
transfer control of the CPU local bus between the CPU 
and alternate bus masters which reside totally on the 
local bus and share the complete CPU interface to the 
system bus. The complete interface includes the ad- 
dress latches, data transceivers, 8288 bus controller and 
8289 multi master bus arbiter. If the alternate bus 
masters in the system do not reside directly on the 8086 
local bus, system bus arbitration is required rather than 
local CPU bus arbitration. To satisfy the need for multi- 
master system bus arbitration at each CPU’s system in- 
terface, the 8289 bus arbiter should be used rather than 
the CPU RQ/GT logic. 

To allow a device with a simple HOLD/HLDA protocol to 
gain control of a single CPU system bus, the circuit in 
Figure 3G4 could be used. The design is effectively a 
simple bus arbiter which isolates the CPU from the 
system bus when an alternate bus ma ster issues a 
HOLD request. The output of the circuit, AEN (Address 
ENable), disables the 828*J_and 8 284 w hen the 8086 in- 
dicates idle status (SO, SI ,S2 = 1), LOC K is not active and 
a HOLD request is active. With AEN inactive, the 8288 
three-states the command outputs and disables DEN 


CPU 

BUS 

INTERFACE 



CONTROLS ARE SAME AS 8-BIT 
TRANSFER CONFIGURATION WITH 
MANIPULATION OF THE DATA BUS 


Figure 3G3. 8086 Min System, 8257 on System Bus 16-Bit Transfers 
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which three-states the data bus transceivers. AEN must 
also three-state the address latch (8282 or 8283) outputs. 
These actions remove the 8086 from the system bus and 
allow the requesting device to drive the system bus. The 
AEN signal to the 8284 disables the ready input and 
forces a bus cycle initiated by the 8086 to wait until the 
8086 regains control of the system bus. The CPU may 
actively drive its local bus during this interval. 

The requesting device will not gain control of the bus 
during an 8086 initiated bus cycle, a locke d instr uction 
or an interrupt acknowledge cycle. T he LO CK signal 
from the 8086 is active between INTA cycles to 
guarantee the CPU maintains control of the bus. Unlike 
the minimum mode 8086 HOLD response, this arbitra- 
tion circuit allows the requestor to gain control of the 
bus between consecutive bus cycles which transfer a 
word operand on an odd address boundary and are not 
locked. Depending on the characteristics of the re- 
questing device, any of the 74LS74 outputs can be used 
to generate a HLDA to the device. 

Upon completion of its bus operations, the alternate bus 
master must relinquish contr ol of the system bus and 
drop the HOLD request. After AEN goes inactive, the ad- 
dress latches and data transceivers are enabled but, if a 
CPU initiated bus cycle is pending, the 8288 will not 
drive the command bus until a minimum of 105 ns or 
maximum of 27 5‘ns later. If the system is normally not 
ready, the 8284 AEN input may immediately be enabled 
with ready returning to the CPU when the selected 
device complet es th e transfer. If the system is normally 
ready, the 8284 AEN input must be delayed long enough 
to provide access time equivalent to a normal bus cycle. 
The 74LS74 latches in the design provide a minimum of 
TCLCHmin for the alternate device to float the system 
bus after releasing HOLD. They also provide 2TCLCL ns 
address access and 2TCLCL- TAEVCHmax ns (8288 
command enable delay) command access prior to ena- 
bling 8284 ready detection. If HLDA is generated as 
shown in Figure 3G4, TCLCL ns are available for the 
8086 to release the bus prior to issuing HLDA while 
HLDA is dropped almost immediately upon loss of 
HOLD. 


A circuit configuration for an 8257-5 using this tech- 
nique to interface with a maximum mode 8086 can be 
derived from Figure 3G3. The 8257-5 has its own address 
latch for buffering the address lines A15-A8 and uses its 
AEN output to enable the latch onto the address bus. 
The maximum latency from HOLD to HLDA for this cir- 
cuit is dependent on the state of the system when the 
HOLD is issued. For an idle system the maximum delay 
is the propagation delay through the nand gate and R/S 
flip-flop (TD1) plus 2TCLCL plus TCLCHmax plus prop- 
agation delay of the 74LS74 and 74LS02 (TD2). For a 
locked instruction it becomes: TD1 + TD2+(M + 2) 
‘TCLCL + TCLCHmax where M is the number of clocks 
required for execution of the locked instruction. For the 
interrupt acknowledge cycle the latency is 
TD1+TD2 + 9 ‘TCLCL + TCLCHmax. 

2.2 Shared Local Bus (RQ/GT Usage) 

The RQ/GT protocol was developed to allow up to two in- 
struction set extension processors (co-processors) or 
other special function processors (like the 8089 I/O 
processor in local mode) to reside directly on the 8086 
local bus. Each RQ/GT pin of the 8086 supports the full 
protocol for exchange of bus control (Fig. 3G5). The se- 
quence consists of a request from the alternate bus 
master to gain control of the system bus, a grant from 
the CPU to indicate the bus has been relinquished and a 
release pulse from the alte rnate master when done. The 
two RQ/GT pins (RQ/GT0 and RQ/GT1) are prioritized 
with RQ/GT0 having the highest priority. The prioritiza- 
tion only occurs if requests have been received on both 
pins before a response has bqen given to either. For ex- 
ample, if a request is received on RQ/GT1 followed by a 
request on RQ/GT0 prior to a grant on RQ/GT 1 , RQ/GTO 
will gain priority over RQ/GT1. However, if RQ/GT1 had 
already received a grant, a request on RQ/GTO must wait 
until a release pulse is received on RQ/GT1. 

The request/grant sequence interaction with the bus in- 
terface unit is similar to HOLD/HLDA. The CPU con- 
tinues to execute until a bus transfer for additional in- 
structions or data is required. If the release pulse is 


+ 5 



Figure 3G4. Circuit to Translate HOLD into AEN Disable for Max Mode 8086 
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received before the CPU needs the bus, it will not drive 
the bus until a transfer is required. 

Upon receipt of a request pulse, the 8086 floats the 
multiplexed address, da ta and status bus , the SO, SI, 
and S2 status lines, the LOCK pin andT RD. This action 
does not disable the 8288 command outputs from driv- 
ing the command bus and does not disable the address 
latches from driving the address bjj_s. The 8288_contains 
internal pull-up resistors on the SO, SI, and S2 status 
lines to maintain the passive state while the 8086 out- 
puts are three-state. The passive state prevents the 8288 
from initiating any commands or activating DEN to 
enable the transceivers buffering the data bus. If the 
device issuing the RQ does not use the 8288, it must 
disab le th e 8288 command outputs by disabling the 
8288 AEN input. Also, address latches not used by the 
requesting device must be disabled. 


gndC i 
AD14 IZ 2 
ADI 3 E 3 
AD12C 4 
ADIlC 5 
ADIOC 6 
AD9 C 7 
ADS C 8 
AD7 C 9 
AD6 C 10 
AD5 C 11 
AD4C 12 
AD3 C 13 
AD2 C 14 
ADI C 15 
ADO C 16 
NMI C 17 
INTRC 18 
CLK C 19 

gndC 20 


40 IIVcc 

39 Uadi 5 

38 □ A16/S3 
37 ZIA17/S4 
36 □A18/S5 
35 HA19/S6 
34 □BH1/S7 
33 □MN/MX 
32 □ RD 
31 ■ RQ/GT0 
30 | RQ/GT1 
29 □LOCK 
28 □ S2 
27 □SI 
26 □SO 
25 □QSO 
24 □QSI 
23 □TEST 
22 □READY 
21 □RESET 


Figure 3G5. 8086 RQ/GT Connections 


2.3 RQ/GT Operation 

Detailed timing of the RQ/GT sequence is given in 
Figure 3G6. To request a transfer of bus control via the 
RQ/GT lines, the device must drive the line low for no 
more than one CPU clock interval to generate a request 
pulse. The pulse must be synchronized with the CPU 
clock to guarantee the appropriate setuip and hold times 
to the clock edge which samples the RQ/GT lines in the 
CPU. After issuing a request pulse, the device must 
begin sampling for a grant pulse with the next low to 
high clock edge. Since the 8086 can respond with a 
grant pulse inthe_clock cycle immediately following the 
request, the RQ/GT line may not return to the positive 
level between the request and grant pulses. Therefore 
edge triggered logic is not valid for capturing a grant 
pulse. It also implies the circuitry which generates the 
request pulse must guarantee the request is removed in 
time to detect a grant from the CPU. After receiving the 
grant pulse, the requesting device may drive the local 
bus. Since the 8086 does not float the address and data 
bus, LOCK or RD until the high to low clock transition 
following the low to high clock transition the requestor 
uses to sample for the grant, the requestor should wait 
the float delay of the 8086 (TCLAZ) before driving the 
local bus. This precaution prevents bus contention dur- 
ing the access of bus control by the requestor. 

To return control of the bus to the 8086, the alternate 
bus master relinquishes bus control and issues a 
release pulse_on the same RQ/GT li ne. Th e 8086 may 
drive the S0-S2 status lines, RD and LOCK, three clock 
cycles after detecting the release pulse and the ad- 
dress/data bus TCHCLmin ns (clock high time) after the 
status lines. The alternate bus master should be three- 
stated off the local bus and have other 8086 interface 
circuits (8288 and address latches) re-enabled within the 
8086 delay to regain control of the bus. 

2.4 RQ/GT Latency 

The RQ to GT latency for a single RQ/GT line is similar 
to the HOLD to HLDA latency. The cases given for the 
minimum mode 8086 also apply to the maximum mode. 
For each case the delay from RQ detection by the CPU 
to GT detection by the requestor is: 

(HOLD to HLDA delay)- (THVCH + TCHCL + TCLHAV) 



1 THE BOM FLOATS A X D X BUS HU AND LOCK ON THIS EDGE 

2 THE OTHER MASTER FLOATS 5J, Si, 35 FROM 1 1 1 STATE ON THIS EDGE 

3 THE OTHER MASTER FLOATS A x D,c BUS, BHI, AND CSCR ON THIS EDGE 

4 THE BOM REDRIVES THE CONTROL LINES 

5 THE BOM REDRIVES THE ADhc LINES 


Figure 3G6. Request/Grant Sequence 
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This gives a clock cycle maximum delay for an idle bus 
interface. All other cases are the minimum mode result 
minus 476 ns. if the 8086 has previously issued a grant 
on one of the RQ/GT lines, a request on the other RQ/GT 
line will not receive a grant until the first device releases 
the interface with a release pulse on its RQ/GT line. The 
delay from release on one fe/GT line to a grant on the 
other is typically one clock period as shown in Figure 
3G7. Occasionally the delay from a release on RQ/GT1 


to a grant on RQ/GTO will take two clock cycles and is a 
function of a pending request for transfer of control 
from the execution unit. The latency from request to 
grant when the interface is under control of a bus 
master on the other RQ/GT line is a function of the other 
bus master. The protocol embodies no mechanism for 
the CPU to force an alternate bus master off the bus. A 
watchdog timer should be used to prevent an errant 
alternate bus master from ‘hanging’ the system. 
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2.5 RQ/GT to HOLD/HLDA Conversion 

A circuit for translating a HOLD/HLDA hand-shake se- 
quence into a RQ/GT pulse sequence is given in Figure 
3G8. After receiving the grant pulse, the HLDA is ena- 
bled TCHCLmin ns before the CPU has three-stated the 
bus. If the requesting circuit drives the bus within 20 ns 


of HLDA, it may be desirable to delay the acknowledge 
one clock period. The HLDA is dropped no later than one 
clock period after HOLD is disabled. The HLDA also 
drops at the beginning of the release pulse to provide 
2TCLCL+ TCLCH for the requestor to relinquish control 
of the status lines and 3TCLCL to float the remaining 
signals. 



Figure 3G8a. HOLD/HLDArO- RQ/GT Conversion Circuit 
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4. INTERFACING WITH I/O 

The 8086 is capable of interfacing with 8- and 16-bit I/O 
devices using either I/O instructions or memory mapped 
I/O. The I/O instructions allow the I/O devices to reside 
in a separate I/O address space while memory mapped 
I/O allows the full power of the instruction set to be 
used for I/O operations. Up to 64K bytes of I/O mapped 
I/O may be defined in an 8086 system. To the program- 
mer, the separate I/O address space is only accessible 
with INPUT and OUTPUT commands which transfer data 
between I/O devices and the AX (for 16-bit data trans- 
fers) or AL (for 8-bit data transfers) register. The first 256 
bytes of the I/O space (0 to 255) are directly addressable 
by the I/O instructions while the entire 64K is accessible 
via register indirect addressing through the DX register. 
The later technique is particularly desirable for service 
procedures that handle more than one device by allow- 
ing the desired device address to be passed to the pro- 
cedure as a parameter. I/O devices may be connected to 
the local CPU bus or the buffered system bus. 

4A. Eight-Bit I/O 

Eight-bit I/O devices may be connected to either the up- 
per or lower half of the data bus. Assigning an equal 
number of devices to the upper and lower halves of the 
bus will distribute the bus loading. If a device is con- 
nected to the upper half of the data bus, all I/O ad- 
dresses assigned to the device must be odd (A0= 1). If 
the device is on the lower half of the bus, its addresses 
must be even (A0 = 0). The address assignment directs 
the eight-bit transfer to the upper (odd byte address) or 
lower (even byte address) half of the sixteen-bit data 
bus. Since AO will always be*a one or zero for a specific 
device, AO cannot be used as an address input to select 
registers within a specific device. If a device on the 
upper half of the bus and one on the lower half are 
assigned addresses that diff er on ly in AO (adjacent odd 
and even addresses), AO and BHE must be conditions of 
chip select decode to prevent a write to one device from 
erroneously performing a write to the other. Several 
techniques for generating I/O device chip selects are 
given in Figure 4A1. 

The first technique (a) uses separate 8205’s to generate 
chip selects for odd and even addressed byte periph- 
erals. If a word transfer is performed to an even ad- 
dressed device, the adjacent odd addressed I/O device 
is also selected. This allows accessing the devices in- 
dividually with byte transfers or simultaneously as a 
16-bit device with word transfers. Figure 4A1(b) restricts 
the chip selects to byte transfers, however a word 
transfer to an odd address will cause the 8086 to run two 
byte transfers that the decode technique will not detect. 
The third technique simply uses a single 8205 to 
generate odd and even device selects for byte transfers 
and will only select the even addressed eight-bit device 
on a word transfer to an even address. 

If greater than 256 bytes of the I/O space or memory 
mapped I/O is used, additional decoding beyond what is 
shown in the examples may be necessary. This can be 
done with additional TTL, 8205’s or bipolar PROMs (In- 
tel’s 3605A). The bipolar PROMs are slightly slower than 
multiple levels of TTL (50 ns vs 30 to 40 ns for TTL) but 


provide full decoding in a single package and allow in- 
serting a new PROM to reconfigure the system I/O map 
without circuit board or wiring modifications (Fig. 4A2). 
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Figure 4A1. Techniques for I/O Device Chip Selects 
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Figure 4A2. Bipolar PROM Decoder 


One last technique for interfacing with eight-bit periph- 
erals is considered in Figure 4A3. The sixteen-bit data 
bus is multiplexed onto an eight-bit bus to accom- 
modate byte oriented DMA or block transfers to memory 
mapped eight-bit I/O. Devices connected to this inter- 
face may be assigned a sequence of odd and even ad- 
dresses rather than all odd or even. 
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8-BlT 

PERIPHERAL 
DATA BUS 



NOTE: IF IT IS NOT NECESSARY TO THREE-STATE THE COMMAND LINES, A 
DECODER (8205 OR 74S138) COULD BE USED. THE 74LS257 IS NOT 
RECOMMENDED SINCE THE OUTPUTS MAY EXPERIENCE VOLTAGE 
SPIKES WHEN ENTERING OR LEAVING THREE-STATE. 


Figure 4A3. 16- to 8-Bit Bus Conversion 


Figure 4C1. Decoding Memory and I/O RD and WR Commands for 
Minimum Mode 8086 Systems 


4B. Sixteen-Bit I/O 

For obvious reasons of efficient bus utilization and (Sim- 
plicity of device selection, sixteen-bit I/O devices should 
be assigned even addresses. To guarantee t he de vice is 
selected only for word operations, AO and BHE should 
be conditions of chip select code (Fig. 4B1). 


Linear select techniques (Fig. 4C2) for I/O devices can 
only be used with devices that either reside in the I/O ad- 
dress space or require more than one active chip select 
(at least one low active and one high active). Devices 
with a single chip select input cannot use linear select if 
they are memory mapped. This is due to the assignment 
of memory address space FFFFFOH-FFFFFFH to reset 
startup and memory space 00000H-003FFH to interrupt 
vectors. 


ADDRESS 

Ao 

SHE 



EVEN ADDRESSED 
WORD PERIPHERALS 


T 


ADDRESS 

LINE 

IO&6 

R5WC 



I/O DEVICE 


/ 


Figure 4B1. Sixteen-Bit I/O Decode 


(a) SEPARATE I/O COMMANDS 


4C. General Design Considerations 

MIN/MAX, MEMORY I/O MAPPED AND LINEAR SELECT 

Since the minimum mode 8086 has common read and 
write commands for memory and I/O, if the memory and 
I/O address spaces overlap, the chip selects must be 
qualified by M/IO to determine which address space the 
devices are assigned to. This restriction on chip select 
decoding can be removed if the I/O and memory ad- 
dresses in the system do not overlap and are property 
decoded; all I/O is memory mapped; or RD, WR and M/IO 
are decoded to provide separate memory and I/O 
read/write commands (Fig. 4C1). The 8288 bus controller 
in the maximum mode 8086 system generates separate 
I/O and memory commands in place of a M/IO signal. An 
I/O device is assigned to the I/O space or memory space 
(memory mapped I/O) by connection of either I/O or 
memory command lines to the command inputs of the 
device. To allow overlap of the memory and I/O address 
space, the device must not respond to chip select alone 
but must require a combination of chip select and a read 
or write command. 



(b) MULTIPLE CHIP SELECTS 
Figure 4C2. Linear Select for I/O 


4D. Determining I/O Device Compatibility 

This section presents a set of A.C. characteristics which 
represent the timing of the asynchronous bus interface 
of the 8086. The equations are expressed in terms of the 
CPU clock (when applicable) and are derived for 
minimum and maximum modes of the 8086. They repre- 
sent the bus characteristics at the CPU. 

The results can be used to determine I/O device re- 
quirements for operation on a single CPU local bus or 
buffered system bus. These values are not applicable to 
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a Multibus system bus interface. The requirements for a 
Multibus system Idus are available in the Multibus inter- 
face specification. 

A list of bus parameters, their definition and how they 
relate to the A.C. characteristics of Intel peripherals are 
given in Table 4D1. Cycle dependent values of the 
parameters are given in Table 4D2. For each equation, if 
more than one signal path is involved, the equation 
reflects the worst case path. 

ex. TAVRL(address valid before read active) = 

(1) Address from CPU to RD active 

(or) 

(2) ALE (to enable the address through the 
address latches) to RD active 

The worst case delay path is (1). 

For the maximum mode 8086 configurations, TAVWLA, 
TWLWHA and TWLCLA are relative to the advanced 
write signal while TAVWL, TWLWH and TWLCL are 
relative to the normal write signal. 

TABLE 4D1. PARAMETERS FOR PERIPHERAL COMPATIBILITY 


TAVRL — Address stable before RD leading edge (TAR) 

TRHAX — Address hold after RD trailing edge (TRA) 

TRLRH — Read pulse width (TRR) 

TRLDV — Read to data valid delay (TRD) 

TRHDZ — Read trailing edge to data floating (TDF) 

TAVDV — Address to valid data delay (T AD) 

TRLRL — Read cycle time (TRCYC) 

TAVWL — Address valid before write leading edge (TAW) 

TAVWLA — Address valid before advanced write (TAW) 

TWHAX — Address hold after write trailing edge (TWA) 

TWLWH — Write pulse width (TWW) 

TWLWHA — Advanced write pulse width (TWW) 

TDVWH — Data set up to write trailing edge (TDW) 

TWHDX — Data hold from write trailing edge (TWD) 

TWLCL — Write recovery time (TRV) 

TWLCLA — Advanced write recovery time (TRV) 

TSVRL — Chip select stable before RD leading edge (TAR) 

TRHSX — Chip select hold after RD trailing edge (TRA) 

TSLDV — Chip select to data valid delay (TRD) 

TSVWL — Chip select stable before WR leading edge (T AW) 

TWHSX — Chip select hold after WR trailing edge (TWA) 

TSVWLA — Chip select stable before advanced write (TAW) 


Symbols in parentheses are equivalent parameters specified for 
Intel peripherals 


In the given list of equations, TWHDXB is the data hold 
time from the trailing edge of write for the minimum 
mode with a buffered data bus. For this equation, 
TCVCTX cannot be a minimum for data hold and a max- 
imum for write inactive. The maximum difference is 50 
ns giving the result TCLCH-50. If the reader wishes to 
verify the equations or derive others, refer to Section 3F 
for assistance with interpreting the 8086 bus timing 
diagrams. 

Figure 4D1 shows four representative configurations 
and the compatible Intel peripherals (including wait 
states if required) for each configuration are given in 
Table 4D3. Configuration 1 and 2 are minimum mode 
demultiplexed bus 8086 systems without (1) and with (2) 
data bus transceivers. Configurations 3 and 4 are max- 
imum mode systems with one (3) and two (4) levels of ad- 
dress and data buffering. The last configuration is 
characteristic of a multi-board system with bus buffers 
on each board. The 5 MHz parameter values for these 
configurations are given in Table 4D4 and demonstrate 


the relaxed device requirements for even a large com- 
plex configuration. The analysis assumes all com- 
ponents are exhibiting the specified worst case param- 
eter values and are under the corresponding tem- 
perature, voltage and capacitive load conditions. If the 
capacitive loading on the 8282/83 or 8286/87 is less than 
the maximum, graphs of delay vs. capacitive loading in 
the respective data sheets should be used to determine 
the appropriate delay values. 

TABLE 4D2. CYCLE DEPENDENT PARAMETER REQUIREMENTS 
FOR PERIPHERALS 


(a) Minimum Mode 

TAVRL = TCLCL + TCLRLmin - TCLAVmax = TCLCL - 100 
TRHAX = TCLCL-TCLRHmax + TCLLHmin = TCLCL- 150 
TRLRH = 2TCLCL-60 = 2TCLCL — 60 
TRLDV = 2TCLCL- TCLRLmax - TDVCLmin = 2TCLCL- 195 
TRHDZ= TRHAVmin = 155 ns 

TAVDV = 3TCLCL - TDVCLmin - TCLAVmax = 3TCLCL- 1 40 
TRLRL = 4TCLCL = 4TCLCL 

TAVWL = TCLCL + TCVCTVmin - TCLAVmax = TCLCL - 100 
TW H AX = TC LC L + TC LLH m i n - TC VCTXmax = TC LC L - 1 1 0 
TWLWH = 2TCLCL- 40 = 2TCLCL- 40 

TDVWH = 2TCLCL+ TCVCTXmin - TCLDVmax = 2TCLCL - 100 
TWHDX = TWHDZmin = 89 
TWLCL = 4TCLCL= 4TCLCL 

TWHDXB=TCLCHmin+( - TC VCTXmax + TC VCTXm i n) = 

TCLCHmin — 50 

Note Delays relative to chip select are a function of the chip select 
decode technique used and are equal to - equivalent delay 
from address - chip select decode delay. 


(b) Maximum Mode 

TAVRL = TCLCL+ TCLMLmin - TCLAVmax = TCLCL - 100 
TRHAX= TCLCL- TCLMHmax + TCLLHmin = TCLCL - 40 
TRLRH = 2TCLCL- TCLMLmax + TCLMHmm= 2TCLCL- 25 
TRLDV = 2TCLCL- TCLMLmax - TDVCLmin = 2TCLCL- 65 
TRHDZ= TRHAVmin = 155 

TAVDV = 3TCLCL- TDVCLmin - TCLAVmax = 3TCLCL - 140 

TRLRL = 4TCLCL= 4TCLCL 

TAVWLA = TAVRL = TCLCL - 100 

TAVWL = TAVRL + TCLCL =2TCLCL- 100 

TWHAX = TRHAX = TCLCL - 40 

TWLWHA = TRLRH = 2TCLCL- 25 

TWLWH = TRLRH - TCLCL = TCLCL - 25 

TDVWH =2TCLCL+ TCLMHmin - TCLDVmax = 2TCLCL- 100 

TWHDX = TCLCHmin - TCLMHmax + TCHDZmin = TCLCHmin - 30 

TWLCL= 3TCLCL= 3TCLCL 

TWLCLA = 4TCLCL= 4TCLCL 


TABLE 4D3. COMPATIBLE PERIPHERALS (5 MHz 8086) 




Configuration 

- 


Minimum Mode 

Maximum Mode 


Unbuffered 

Buffered 

Buffered 

Fully Buffered 

8251 A 


1W 

✓ 


8253*5 

U' 

1W 



8255A-5 

tS 

1W 

<s 


8257-5 

IS 

1W 

s 


8259A 

tS 


S 


8271 

IS 

1W 

s 


8273 

V* 

1W 

tS 

iS 

8275 


1W 

IS 

s 

8279-5 

IS 

1W 



8041 A* 


1W 

s 


8741 A 


1W 


tS 

8291 

* 


tS 

* 

‘Includes other Intel peripherals based on the 8041 A (i.e., 8292, 8294, 
8295) 

^ implies full operation with no wait states 


W implies the number of wait states required 
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TABLE 4D4. PERIPHERAL REQUIREMENTS FOR FULL SPEED 
OPERATION WITH 5 MHz 8086 


Configuration j 

Minimum Mode j 

Maximum Mode j 

Unbuffered 

Buffered 

Buffered 

Fully Buffered 

TAVRL 

70 

72 

70 

58 

TRHAX 

57 

27 

169 

141 

TRLRH 

340 

320 

375 

347 

TRLDV 

205 

150 

305 

261 

TRHDZ 

155 

158 

382 

360 

TAVDV 

430 

400 

400 

372 

TRLRL 

800 

770 

800 

772 

TAVWL 

70 

72 

270 

258 

TAVWLA 

— 

— 

70 

58 

TWHAX 

97 

67 

169 

141 

TWLWH 

360 

340 

175 

147 

TWLWHA 

— 

— 

375 

347 

TDVWH 

300 

339 

• 270 

258 

TWHDX 

88 

15 

95 

13 

TWLCL 

800 

772 

600 

572 

TWLCLA 

— 

— 

800 

772 

TSVRL 

52 

54 

52 

40 

TRHSX 

50 

50 

171 

143 

TSLDV 

412 

382 

382 

354 

TSVWL 

52 

54 

252 

240 

TWHSX 

90 

90 

171 

143 

TSVWLA 

- 

- 

52 

40 

— Not applicable. 


Peripheral compatibility is determined from the equa- 
tions given for the CPU by modifying them to account 
for additional delays from address latches and data 
transceivers in the configuration. Once the system con- 
figuration is selected, the system requirements can be 
determined at the peripheral interface and used to 
evaluate compatibility of the peripheral to the system. 
During this process, two areas must be considered. 
First, can the device operate at maximum bus band- 
width and if not, how many wait states are required. Sec- 
ond, are there any problems that cannot be resolved by 
wait states. 

Examples of the first are TRLRH (read pulse width) and 
TRLDV (read access or RD active to output data valid). 
Consider address access time (valid address to valid 
data) for the maximum mode fully buffered configura- 
tion. 

TAVDV = 3TCYC - 140 ns — address latch delay — 
address buffer delay — chip select decode delay — 2 
transceiver delays 

Assuming inverting latches, buffers and trans- 
ceivers with 22 ns max delays (8283, 8287) and a 
bipolar PROM decode with 50 ns delay, the result 
is: 


TAVDV = 322 ns @ 5 MHz 



b MINIMUM MODE BUFFERED DATA AND COMMAND BUSSES 


M/IO 



Figure 4D1. 8086 System Configurations 
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c MAXIMUM MODE BUFFERED DATA BUS 



NOTE FOR OPTIMUM PERFORMANCE WITH INTEL PERIPHERALS, AIOW (ADVANCED 
WRITE) SHOULD BE USED 


d MAXIMUM MODE DOUBLE BUFFERED SYSTEM 



Figure 4D1. 8086 System Configurations (Con’t) 


The result gives the address to data valid delay required 
at the peripheral (in this configuration) to satisfy zero 
wait state CPU access time. If the maximum delay 
specified for the peripheral is less than the result, this 
parameter is compatible with zero wait state CPU opera- 
tion. If not, wait states must be inserted until TAVDV + n 
* TCYC (n is the number of wait states) is greater than 
the peripherals maximum delay. If several parameters 
require wait states, either the largest number required 
should always be used or different transfer cycles can 
insert the maximum number required for that cycle. 

The second area of concern includes TAVRL (address 
set up to read) and TWHDX (data hold after write). 
Incompatibilities in this area cannot be resolved by the 
insertion of wait states and may require either addi- 


tional hardware, slowing down the CPU (if the parameter 
is related to the clock) or not using the device. 

As an example consider address valid prior to advanced 
write low (TAVWLA) for the maximum mode fully buf- 
fered system. 

TAVWLA = TCYC- 100 ns — address latch delay — 
address buffer delay — chip select decode delay + 
write buffer delay (minimum) 

Assuming inverting latches and buffers with 22 ns 
delay (8283, 8287) and an 8205 address decoder with 
18 ns delay 

TAVWLA = 38 ns which is the time a 5 MHz 8086 
system provides 
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4E. I/O Examples 

1. Consider an interrupt driven procedure for handling 
multiple communication lines. On receiving an interrupt 
from one of the lines, the invoked procedure polls the 
lines (reading the status of each) to determine which 
line to service. The procedure does not enable lines but 
simply services input and output requests until the 
associated output buffer is empty (for output requests) 
or until an input line is terminated (for the example only 
EOT is considered). On detection of the terminate condi- 
tion, the routine will disable the line. It is assumed that 
other routines will fill a lines output buffer and enable 
the device to request output or empty the input buffer 
and enable the device to input additional characters. 

The routine begins operation by loading CX with a count 
of the number of lines in the system and DX with the I/O 
address of the first line. The I/O addresses are assigned 
as shown in Figure 4E1 with 8251A’s as the I/O devices. 
The status of each line is read to determine if it needs 
service. If yes, the appropriate routine is called to input 
or output a character. After servicing the line or if no 
service is needed, CX is decremented and DX is in- 
cremented to test the next line. After all lines have been 
tested and serviced, the routine terminates. If all inter- 
rupts from the lines are OR’d together, only one inter- 
rupt is used for all lines. If thb interrupt is input to the 
CPU through an 8259A interrupt controller, the 8259A 
should be programmed in the level triggered mode to 
guarantee all line interrupts are serviced. 

To service either an input or output request, the called 
routine transfers DX to BX, and shifts BX to form the off- 
set for this device into the table of input or output buf- 
fers. The first entry in the buffer is an index to the next 
character position in the buffer and is loaded into the SI 
register. By specifying the base address of the table of 


DEVICE 1 


DEVICE 3 

8251 A 


8251A 


Dl5-$ 


D70 


H £ 






DEVICE 0 


DEVICE 2 

8251 A 


8251 A 


DEVICES ARE CONNECTED TO THE UPPER AND 
LOWER HALVES OF THE DATA BUS. 

ADDRESS 


0 

DEVICE 0 

DATA 

1 

DEVICE 1 

DATA 

2 

DEVICE 0 

CONTROL/STATUS 

3 

DEVICE 1 

CONTROL/STATUS 

4 

DEVICE 2 

DATA 

5 

DEVICE 3 

DATA 

6 

DEVICE 2 

CONTROL/STATUS 

7 

DEVICE 3 

CONTROL/STATUS 


ETC. 


buffers as a displacement into the data segment, the 
base + index + displacement addressing mode allows 
direct access to the appropriate memory location. 8086 
code for part of this example is shown in Figure 4E2. 

2. As a second example, consider using memory 
mapped I/O and the 8086 string primative instructions to 
perform block transfers between memory and I/O. By 
assigning a block of the memory address space 
(equivalent in size to the maximum block to be trans- 
ferred to the I/O device) and decoding this address 
space to generate the I/O device’s chip select, the block 
transfer capability is easily implemented. Figure 4E3 
gives an interconnect for 16-bit I/O devices while Figure 
4E4 incorporates the 16-bit bus to 8-bit bus multiplexing 
scheme to support 8-bit I/O devices. A code example to 
perform such a transfer is shown in Figure 4E5. 


THIS CODE DEMONSTRATES TESTING DEVICE 
STATUS FOR SERVICE, CONSTRUCTING THE 
APPROPRIATE LINE BUFFER ADDRESS FOR INPUT 
AND OUTPUT AND SERVICING AN INPUT 
REQUEST 


CHECK_ STATUS: 


WRITE SERVICE. 

NEXT_IO. 


MASK EQU OFFFDH 

INPUT AL, DX ; GET 8251A STATUS. 

MOV AH, AL 

TEST AH. READ . O R W RITE STATUS 


JZ NEXT 10 

CALL ADDRESS 
TEST AH, READ STATUS 

JZ WRITE SERVICE 

CALL READ 

TEST AH, WRITE STATUS 

JZ NEXT 10 

CALL WRITE 

DEC CX 

JNC EXIT 

AND DX, MASK 

ADD DX, 3 

OR DX, 2 

JMP CHECK STATUS 


TEST IF DONE. 

YES, RESTORE & RETURN. 
REMOVE A1 AND 
INCREMENT ADDRESS. 
SELECT STATUS FOR 
NEXT INPUT. 


ADDRESS- AND DX, MASK 

MOV BH, DL 
INC BH 
SHR BH 
XOR BL, BL 
RET 


SELECT DATA. 

CONSTRUCT BUFFER 
DISPLACEMENT FOR 
THIS DEVICE. 

BX IS THE DISPLACEMENT. 


INPUT AL, DX 

MOV SI, READ BUFFERS [BX] 

MOV READ_BUFFERS [BX + SI], AL 

INC READ BUFFERS [BX] 

CMP AL, EOT 
JNZ CONT_READ 
CALL DISABLE READ 
CONT READ: RET 


READ CHARACTER. 

GET CHARACTER POINTER. 
STORE CHARACTER. 

INCR CHARACTER POINTER. 
END OF TRANSMISSION? 

YES, DISABLE RECEIVER. 
SEND MESSAGE THAT INPUT 
IS READY. 


Figure 4E2. 



TRANSFER 256 BYTE BLOCKS TO THE I/O DEVICE 
THE ADDRESS SPACE ASSIGNED TO THE I/O DEVICE IS 

Aia As I A 7 Ao I 

FROM U — BASE ADDRESS — 0’s — *4 

THRU h BASE ADDRESS — H ’ * 1’>— H 

MEMORY DATA NEED NOT BE ALIGNED TO EVEN ADDRESS BOUNDARIES 
I/O TRANSFERS MUST BE WORD TRANSFERS TO EVEN ADDRESS BOUNDARIES 


Figure 4E1. Device Assignment 


Figure 4E3. Block Transfer to 16-Bit I/O Using 8086 String Primatives 
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ADDRESS ASSIGNMENT SAME AS PREVIOUS EXAMPLE. 16-BIT BUS IS 
MULTIPLEXED ONTO AN 8-BIT PERIPHERAL BUS. 


Figure 4E4. Block Transfer to 8-Bit I/O Using 8086 String Primatives 


; DEFINE THE I/O ADDRESS SPACE 
I/O SEGMENT 

ORG BLOCK ADDRESS 

I/O BLOCK: DW 128 DUP (?) 

I/O ENDS 

; ASSUME THE DATA IS FROM THE CURRENT 
; DATA SEGMENT 

CLD ;DF= FORWARD 

LES Dl, I/O BLOCK ADDRESS ; I/O BLOCK ADDRESS 

; CONTAINS THE ADDRESS 
; OF I/O BLOCK 

MOV CX, BLOCK LENGTH 

MOV SI, SOURCE ADDRESS 

MOVS I/O BLOCK ; PERFORM WORD TRANSFERS 


; END CODE EXAMPLE 

NOTE THE CODE IS CAPABLE OF PERFORMING BYTE TRANSFERS BY 
CHANGING THE I/O BLOCK DEFINITION FROM 128 WORD TO 256 BYTES 


Figure 4E5. Code for Block Transfers 


number the device can accept, leaving the remaining ad- 
dress lines for chip enable/select decoding. To connect 
the devices directly to the multiplexed bus, they must 
have output enables. The output enable is also 
necessary to avoid bus contention in other configura- 
tions. Figure 5A1 shows the bus connections for ROM 
and EPROM memories. No special decode techniques 
are required for generating chip enables/selects. Each 
valid decode selects one device on the upper and lower 
halves of bus to allow byte and word access. Byte ac- 
cess is achieved by reading the full word onto the bus 
with the 8086 only accepting the desired byte. For the 
minimum mode 8086, if RD, WR and M/IO are not decod- 
ed to form separate commands for memory and I/O, and 
the I/O space overlaps the_memory space assigned to 
the EPROM/ROM then M/IO (high active) must be a con- 
dition of chip enable/select decode. The output enable 
is controlled by the system memory read signal. 


HIGH BANK (BHE) 


SELECT LOW 
BANK (A 0 ) 



Figure 5.1. 8086 Memory Array 


5. INTERFACING WITH MEMORIES 

Figure 5.1 is a general block diagram of an 8086 
memory. The basic characteristics of the diagram are 
the partitioning of the 16-bit word memory into high and 
low 8-blt banks on the u pper and lower halves of the 
data bus and inclusion of BHE and A0 in the selection of 
the banks. Specific implementations depend on the type 
of memory and the system configuratiorf. 

5A. ROM and EPROM 

The easiest devices to interface to the system are ROM 
and EPROM. Their byte format provides a simple bus in- 
terface and since they are read only devices, A0 and 
BHE need not be included in their chip enable/select 
decoding (chip enable is similar to chip select but addi- 
tionally determines if the device is in active or standby 
power mode). The address lines connected to the 
devices start with A1 and continue up to the maximum 


CHIP SELECT 
0815 
Ai 12 
RD - 




F4 


0()7 

2732 

Aon 

oi 




2732 

Oo-7 


CE 


NOTE A 0 AND BHE ARE NOT USED. 

Figure 5A1. EPROM/ROM Bus Interface 
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Static ROM’s and EPROM’s have only four parameters 
to evaluate when determining their compatibility to the 
system. The parameters, equations and evaluation tech- 
niques given in the I/O section are also applicable to 
these devices. The relationship of parameters is given in 
Table 5A1. TACC and TOE are related to the same equa- 
tion and differ only by the delay associated with the chip 
enable/select decoder. As an example, consider a 2716 
EPROM memory residing on the multiplexed bus of a 
minimum mode configuration: 

TACC = 3TCLCL- 140 - address buffer delay = 430 ns 
(8282 = 30 ns max delay) 

TCE = TACC- decoder delay = 412 ns 
(8205 decoder delay = 18 ns) 

TOE = 2TCLCL - 195 = 205 ns 

TDF = =155 ns 

TABLE 5A1. EPROM/ROM PARAMETERS 

TOE — Output Enable to Valid Data = TRLDV 

TACC - Address to Valid Data = TAVDV 

TOE — Chip Enable to Valid Data = TSLDV 

TDF — Output Enable High to Output Float = TRHDZ 


The results are the times the system configuration re- 
quires of the component for full speed compatibility 
with the system. Comparing these times with 2716 
parameter limits indicates the 2716-2 will work with no 
wait states while the 2716 will require one wait state. 
Table 5A2 demonstrates EPROM/ROM compatibility for 
the configurations presented in the I/O section. Before 
designing a ROM or EPROM memory system, refer to 
AP-30 for additional information on design techniques 
that give the system an upgrade path from 16K to 32K 
and 64 K devices. 


TABLE 5A2. COMPATIBLE EPROM/ROM (5 MHz 8086) 


Configuration | 

Minimum Mode ] 

Maximum Mode 

Unbuffered 

Buffered 

Buffered 

Fully Buffered 

2716-1 




s 

2716-2 


1W 

1W 

1W 

2732 

1W 

1W 

1W 

1W 

2332 


s 



2364 

* 

tS 




5B. Static RAM 

Interfacing static RAM to the system introduces se veral 
new requirements to the memory design. A0 and BHE 
must be included in the chip select/chip enable 
decoding of the devices and write timing must be con- 
sidered in the compatibility analysis. 

For each device, the data bus connections must be 
restricted to either the upper or lower half of the data 
bus. Devices like the 2114 or 2142 must not straddle the 
upper and lower halves of the data bus (Fig. 5B1). To 
allow selecting either the upper byte, lower byte or full 
16-bit word for a write operation, BHE must be a condi- 
tion of decode for selecting the upper byte and A0 must 
be a condition of decode for selecting the lower byte. 
Figure 5B2 gives several selection techniques for 


devices with single chip selects and no output enables 
(2114, 2141, 2147). Figure 5B3 gives selection tech- 
niques for devices with chip selects and output enables. 




cs ►o 

CSl UOl 

cs ► 

CS 2 

K 

l/0 2 

ADDRESS ( ) 

Ao9 


l/0 3 

WR ►O 

WE 



_ I/O4 

RD ►O 

OD 


d 9 

d 8 

d 7 


Figure 5B1. Incorrect Connection of 2142 Across Byte Boundaries 


The first group requires inclusion of A0 and BHE to 
decode or enable the chip selects. Since these 
memories do not have output enables, read and write 
are used as enabies for chip select generation to pre- 
vent bus contention. If read and write are not used to 
enable the chip selects, devices with common input/out- 
put pins (like the 2114) will be subjected to severe bus 
contention between chip select and write active. For 
devices with separate input/output lines (like 2141, 
2147), the outputs can be externally buffered with the 
buffer enable controlled by read. This solution will only 
allow bus contention between memory devices in the ar- 
ray during chip select transition periods. These tech- 
niques are considered in more detail in Section 2C. 

For device s wit h output enables (2142), write may be 
gated with BHE and A0 to provide upper and lower bank 
write strobe s. Th is simplifies chip select decoding by 
eliminating BHE and A0 as a condition of decode. 
Although both devices are selected during a byte write 
operation, only one will receive a write strobe. No bus 
contention will exist during the write since a read com- 
mand must be issued to enable the memory output 
drivers. 

If multiple chip selects are available at the device, BHE 
and A0 may directly control device selection. This 
allows normal chip select decoding of the address 
space and direct connection of the read and write com- 
mands to the devices. Alternately, the multiple chip 
select inputs of the device could directly decode the ad- 
dress space (linear select) and be combined with the 
separate write strobe technique to minimize the control 
circuitry needed to generate chip selects. 

As with the EPROM’s and ROM’s, if separate commands 
are not provided for memory and I/O in the mjnimum 
mod„e 8086 and the address spaces overlap, M/IO (high 
active) must be a condition of chip select decode. Also, 
the address lines connected to the memory devices 
must start with A1 rather than A0. 
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CHIP SELECTS 
(HIGH AND LOW FOR 
FOUR GROUPS) 



2142’s 



+ V 


(a) HIGH AND LOW BANK WRITE STROBES 


2142’s 



(b) A 0 AND BHE AS DIRECT CHIP SELECT INPUTS 


2142’s 



(c) LINEAR CHIP SELECT USED WITH HIGH 
AND LOW BANK WRITE STROBES 


Figure SB2. Generating Chip Selects for Devices without Output 
Enables 


Figure 5B3. Chip Selection for Devices with Output Enables 
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For analysis of RAM compatibility, the write timing 
parameters listed in Table 5B1 may also need to be con- 
sidered (depending on the RAM device being consid- 
ered). The CPU clock relative timing is given in Table 
5B2. The equations specify the device requirements at 
the CPU and provide a base for determining device re- 
quirements in other configurations. As an example con- 
sider the write timing requirements of a 2142 in a max- 
imum mode buffered 8086 system (Figure 5B4). The 
2142 write parameters that must be analyzed are TWA 
advanced write pulse width, TWR write release time, 
TDWA data to write time overlap and TDH data hold 
from write time. 

TWA = 2TCLCL - TCLMLmax + TCLMHmin = 375 ns. 

TWR = 2TCLCL- TCLMHmax + TCLLHmin + TSHOVmin = 170 ns. 

TDWA = 2TCLCL- TCLDVmax + TCLMHmin - TIVOVmax = 265 ns. 

TDH = TCLCH - TCLMHmax + TCHDXmin + TIVOVmin = 95 ns. 


TABLE 5B1. TYPICAL WRITE TIMING PARAMETERS 


TW - Write Pulse Width 

TWR — Write Release (Address Hold From End of Write) 

TDW — Data and Write Pulse Overlap 

TDH — Data Hold From End of Write 

TAW - Address Valid to End of Write 

TCW - Chip Select to End of Write 

TASW — Address Valid to Beginning of Write 


TABLE 5B2. CYCLE DEPENDENT WRITE PARAMETERS 
FOR RAM MEMORIES 


(a) Minimum Mode 

TW = TWLWH = 2TCLCL - 60 = 340 ns 
TWR = TCLCL - TCVCTXmax + TCLLHmin = 90 ns 
TDW = 2TCLCL - TCLDVmax + TCVCTXmin = 300 ns 
TDH = TWHDX = 88 ns 

TAW = 3TCLCL- TCLAVmax + TCVCTXmin = 500 ns 

TCW = TAW - Chip Select Decode 

TASW = TCLCL - TCLAVmax + TCVCTXmin = 100 ns 

(b) Maximum Mode 

TW = TCLCL- TCLMLmax + TCLMHmin = 175 ns 
TWR = TCLCL - TCLMHmax + TCLLHmin = 165 ns 
TDW = TW= 175 ns 

TDH = TCLCHmm - TCLMHmax + TCHDXmin = 93 ns 

TAW = 3TCLCL- TCLAVmax + TCLMHmin = 500 ns 

TCW = TAW - Chip Select Decode 

TASW = 2TCLCL - TCLAVmax + TCLMLmin = 300 ns 

TWA* = TW + TCLCL =375 ns 

TDWA* = 2TCLCL- TCLDVmax + TCLMHmin = 300 ns 

TASWA* = TASW - TCLCL = 100 ns 


‘Relative to Advanced Write. 


Comparing these results with the 2142 family Indicates 
the standard 2142 write timing is fully compatible with 
this 8086 configuration. Read timing analysis is also 
necessary to completely determine compatibility of the 
devices. 

5C. Dynamic RAM 

Dynamic RAM is perhaps the most complex device to 
design into a system. To relieve the engineer of most of 
this burden, Intel provides the 8202 dynamic RAM con- 
troller as part of the 8086 family of peripheral devices. 
This section will discuss using the 8202 with the 8086 to 
build a dynamic memory system for an 8086 system. For 


additional information on the 8202, refer to the 8202 
data sheet (9800873) and application note AP-45 Using 
the 8202 Dynamic RAM Controller (9800809A). 



Figure 5B4. Sample Configuration for Compatibility Analysis Example 


5.C.1 Standard 8086-8202 Interconnect 

Figure 5.C.1.1 shows a standard interconnection for an 
8202 into an 8086 system. The configuration accom- 
modates 64K words (128K bytes) of dynamic RAM ad- 
dressable as words or bytes. To access the RAM, the 
8086 initiates a bu s cycle with an address that selects 
the 82 02 (via P CS) and the appropriate transfer com- 
mand (MRDC or MWTC). If the 8202 is not performing a 
refresh cycle, the access starts immediately, othe rwise, 
the 8086 must wait for completion of the refresh. XACK 
from the 8202 is connected to the 8284 RDY input to 
force the CPU to wait until the RAM cycle is completed 
before the CPU can terminate the bus cycle. This effec- 
tively synchronizes the asynchronous events of refresh 
and CP U bus cycles. The normal write command 
(MWTC) is used rather than the advanced command 
(AMWC) to guarantee the data is valid at the dynamic 
RAMS before the write command is issued. The gating 
of WE with A0 and BHE provides selective write strobes 
to the upper and lower banks of memory to allow byte 
and word write operations. The logic which generates 
the strobe for the data latches allows read data to prop- 
agate to the system as soon as the data is av ailable and 
latches the data on the trailing edge of CAS. 

DETAILED TIMING 
Read Cycle 

For no wai t state operation, the 8086 requires data to be 
valid from MRDC in: 

2TCLCL - TCLML - TDVCL - buffer delays = 291 ns. 

Since the 8 202 is CAS access limited, we need only ex- 
amine CAS access time. The 8202/2118 guarantees data 
valid from 8202 RD low to be: 

(tph + 3tp + 1 00 ns) 8202 TCC delay + TCAC for the 21 1 8 
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Figure 5C1.1. 5 MHz 8086/8202/1 28K Byte System — Double Data, Control and Address Buffering (Note: Bus driver on 8202 is not needed if less 
than 64K bytes are used) 


For a 25 MHz 8202 and 2118*3, we get 297 ns which is in- 
sufficient for no wait state operation. If only 64K bytes 
are accessed, the 8202 requires only (tph + 3tp + 85 ns) 
giving 282 ns access and no wait states required. Refer 
to Figure 5.C.1.2 and 5C.1.3 for timing information on 
the 8202 and 2118. 

Write Cycle 

An important consideration for dynamic RAM write 
cycle s is to guarantee data to the RAM is vali d when 
both CA S an d WE are active. For the 2118, if WE is valid 
prior to CAS, the data setup is to CAS and if CAS is valid 
before WE (as would occur during a read modify w rite 
cy cle) th e data setup time is to WE. For the 8202, the WR 
to CAS dela y is analyzed to determine the data setup 
tim e to CAS inherently provided by the 8202 command 
to R AS/CAS timing. The minimum delay from WR to 
CAS is: 

TCCmin = tph + 2tp + 25= 127 ns @ 25 MHz 

Subtracting buffer delays and data setup at the 2118, 
we have 83 ns to generate valid data after the write 
command is issued by the CPU (in this case the 8288). 
Since the 8086 will not guarantee valid data until 
TCLAVmax-TCLMLmin = 100 ns from the advanced 


write signal, the normal write signal is used. The normal 
write MWTC guarantees data is valid 100 ns before it is 
active. The worst case write pulse width is approximate- 
ly 175 ns which is sufficient for all 2118’s. 

Synchronization 

To for ce the 8086 to wait during refresh the XACK or 
SACK lines must be returned t o the 8284 ready input. 
The maximum delay from RD to SACK (if the 8202 is not 
performing refresh) is TAC = tp + 40 = 80 ns. To prevent 
a wait state at the 8086, RDY must be valid at the 8284 
TCLCHmin - TCLMLmax - TR1 VCLmax = 48 ns after 
the command is active. This implies that under worst 
case conditions, one wai t state will be inserted for every 
read cycle. Since MWTC does not occur until one clock 
later, two wait states may be inserted for writes. 

The XACK from command delay will assert RDY TCC + 
TCX = (tph + 3tp+ 100)+ (5tp + 20) = 460 ns after the 
command. This will typically insert one or two wait 
states. 

Unless 2118-3’s are used in 64K byte or less memories, 
SACK must not be used since it does not guarantee a 
wait state. From the previous access time analysis we 
saw that other configurations required a wait state. 
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Figure 5C1.2. 8202 Timing information 
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A.C. CHARACTERISTICS Measurements made with respect to RAS 1 - RAS 4 , CAS, 

T A = 0°C to 70°C Vcc= 5V± 10% WE, OUT 0 - OUT 6 are at 2.4V and 0.8V. All other pins are 

measured at 1.5V. 


Loading: 

SACK, XACK 

CL= 30 pF 

64 Devices 

out 0 -out 6 

CL =320 pF 

RASt - RAS 4 

CL =230 pF 


WE 

CL =450 pF 


CAS 

CL = 640 pF 


Symbol 

Parameter 

Min 

Max 

Units 

tp 

Clock (Internal/External) Period (See Note 1) 

40 

54 

ns 

*RC 

Memory Cycle Time 

10 t P - 30 

12 t P 

ns 

*RAH 

Row Address Hold Time 

tp -10 


ns 

*ASR 

Row Address Setup Time 

tpH 


ns 

tCAH 

Column Address Hold Time 

5 tp 


ns 

*ASC 

Column Address Setup Time 

tp— 35 


ns 

*RCD 

RAS to CAS Delay Time 

2 tp -10 

2 t P + 45 

ns 

twcs 

WE Setup to CAS 

t P - 40 


ns 

*RSH 

RAS Hold Time 

5 t P - 30 


ns 

tCAS 

CAS Pulse Width 

5 t p — 30 


ns 

tRP 

RAS Precharge Time (See Note 2) 

o 

CO 

CL 


ns 

twCH 

WE Hold Time to CAS 

5 tp — 35 


ns 

*REF 

Internally Generated Refresh to Refresh Time 





64 Cycle 

548 t P 

576 t P 

ns 


128 Cycle 

264 t P 

288 t P 

ns 

tCR 

RD, WR to RAS Delay 

o 

co 

+ 

X 

CL 

tpH + tp+ 75 

ns 

tcc 

RD, WR to CAS Delay 

tpH + 2 tp + 25 

tpn + 3 tp+ 100 

ns 

*RFR 

REFRQ to RAS Delay 

1.5 t P + 30 

2.5 t P + 100 

ns 

*AS 

Aq — A 15 to RD, WR Setup Time (See Note 4) 

0 


ns 

*CA 

RD, WR to SACK Leading Edge 


tp+40 

ns 

tCK 

RD, WR to XACK, SACK Trailing Edge Delay 


30 

ns 

tKCH 

RD, WR Inactive Hold to SACK Trailing Edge 

10 


ns 

*sc 

RD, WR, PCS to X/CLK Setup Time (See Note 3) 

15 


ns 

*cx 

CAS to XACK Time 

5 t P - 40 

5 tp+ 20 

ns 

*ACK 

XACK Leading Edge to CAS T railing Edge Time 

10 


ns 

*XW 

XACK Pulse Width 

2 t P - 25 


ns 

tLL 

REFRQ Pulse Width 

20 


ns 

tcHS 

RD, WR, PCS Active Hold to RAS 

0 


ns 

t W w 

WR to WE Propagation Delay 

8 

50 

ns 

*AL 

S-| to ALE Setup Time 

40 


ns 

tLA 

Si to ALE Hold Time 

2 t P + 40 


ns 

tpL 

External Clock Low Time 

15 


ns 

tpH 

External Clock High Time 

22 


ns 

- tpH 

External Clock High Time for V C c= 5V ± 5% 

18 


ns 


Notes: 

1. tp minimum determines maximum oscillator frequency. 

tp maximum determines minimum frequen cy to maintain 2 ms refresh rate and tRp minimum. 

2. To achieve the minimum time between the RAS of a memory cycle and the RAS of a refresh cycle, such as a transparent refresh, REFRQ should be 
pulsed in the previous memory cycle. 

3. tgc is not required for proper operation which is in agreement with the other specs, but can be used to synchronize external signals with X/CLK if it is 
desired. 

4. If t^s is less than 0 then the only impact is that t^gR decreases by a corresponding amount. 


Figure 5C1.2. 8202 Timing Information (Con’t) 
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NOTES 1,2 V IH min AND V )u max ARE REFERENCE LEVELS FOR MEASURING TIMING OF 
INPUT SIGNALS 

3,4 V 0H min AND V 0L max ARE REFERENCE LEVELS FOR MEASURING TIMING 
OF Dout 

5. t 0 FF IS MEASURED TO l 0 UT < |loU 

6. t D s AND t D H ARE REFERENCED TO CAS OR WE, WHICHEVER OCCURS LAST 
* t RC H IS REFERENCED TO THE TRAILING EDGE OF CAS OR RAS, WHICHEVER 

OCCURS FIRST 

8 t C RR REQUIREMENT IS ONLY APPLICABLE FOR RAD/CAS CYCLES 

PRECEDED BY A CA§ ONLY CYCLE (I e., FOR SYSTEMS WHERE CAS HAS 
NOT BEEN DECODED WITH RAS). 


Figure 5C1.3. 2118 Family Timing 
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A.C. CHARACTERISTICS 11 ’ 2 ' 31 

T a = 0°C to 70°C, V dd = 5V± 10%, Vgg — 0V, unless otherwise noted. 

READ, WRITE, READMODIFY-WRITE AND REFRESH CYCLES 


Symbol 

Parameter 

| 2118-3 | 

I 21 18-4 | 

2118-7 | 

Unit 

Notes 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

*RAC 

Access Time From RAS 


100 


120 


150 

ns 

4,5 

tCAC 

Access Time from CAS 


55 


65 


80 

ns 

4,5,6 

tREF 

Time Between Refresh 


2 


2 


2 

ms 


*RP 

RAS Precharge Time 

110 


120 


135 


ns 


tcPN 

CAS Precharge Time (non-page cycles) 

50 


55 


70 


ns 


tcRP 

CAS to RAS Precharge Time 

0 


0 


0 


ns 


^CD 

RAS to CAS Delay Time 

25 

45 

25 

55 

25 

70 

ns 

7 

tRSH 

RAS Hold Time 

70 


85 


105 


ns 


tcSH 

CAS Hold Time 

100 


120 


165 


ns 


tASR 

Row Address Set-Up Time 

0 


0 


0 


ns 


tRAH 

Row Address Hold Time 

15 


15 


15 


ns 


tASC 

Column Address Set-Up Time 

0 


0 


0 


ns 


tCAH 

Column Address Hold Time 

15 


15 


20 


ns 


tAR 

Column Address Hold Time to RAS 

60 


70 


90 


ns 


t T 

Transition Time (Rise and Fall) 

3 

50 

3 

50 

3 

50 

ns 

8 

t0FF 

Output Buffer Turn Off Delay 

0 

45 

0 

1 

50 

0 

60 

ns 



READ AND REFRESH CYCLES 


t rc 

Random Read Cycle Time 

235 


270 


320 


ns 


tRAS 

RAS Pulse Width 

115 

10000 

140 

10000 

175 

10000 

ns 


tCAS 

CAS Pulse Width 

55 

10000 

65 

10000 

95 

10000 

ns 


tRCS 

Read Command Set-Up Time 

0 


0 


0 


ns 


tRCH 

Read Command Hold Time 

0 


0 


0 


ns 



WRITE CYCLE 


tRC 

Random Write Cycle Time 

235 


270 


320 


ns 


tRAS 

RAS Pulse Width 

115 

10000 

140 

10000 

175 

10000 

ns 


tCAS 

CAS Pulse Width 

55 

10000 

65 

10000 

95 

10000 

ns 


twcs 

Write Command Set-Up Time 

0 


0 


0 


ns 

9 

twCH 

Write Command Hold Time 

25 


30 


45 


ns 


twCR 

Write Command Hold Time, to RAS 

70 


85 


115 


ns 


t W p 

Write Command Pulse Width 

25 


30 


50 


ns 


tRWL 

Write Command to RAS Lead Time 

60 


65 


110 


ns 


tcWL 

Write Command to CAS Lead Time 

45 


50 


100 


ns 


tDS 

Data-In Set-Up Time 

0 


0 


0 


ns 


tDH 

Data-In Hold Time 

25 


30 


45 


ns 


tDHR 

Data-In Hold Time, to RAS 

70 


85 


115 


ns 



READ-MODIFY WRITE CYCLE 


tRWC 

Rdad-Modify-Write Cycle Time 

285 


320 


410 


ns 


tRRW 

RMW Cycle RAS Pulse Width 

165 

10000 

190 

10000 

265, 

10000 

ns 


tCRW 

RMW Cycle CAS Pulse Width 

105 

10000 

120 

10000 

185 

10000 

ns 


tRWD 

RAS to WE Delay 

100 


120 


150 


ns 

9 

tcWD 

CAS to WE Delay 

55 


65 


80 


ns 

9 


NOTES \ 

1 All voltages referenced to Vgg 1 

2 Eight cycles are required after power-up or prolonged periods (greater than 2 ms) of RAS inactivity before proper device operation is achieved Any 8 cycles which perform 
refresh are adequate for this purpose 

3 AC Characteristics assume tj = 5 ns 

4 Assume that tpQQ < tRCD ( max ) ** l RCD IS 9 reater than tRQp (max ) then tp A c will increase by the amount that tpcD exceeds tRpp (max ) 

5 Load = 2 TTL loads and 100 pF 

6 Assumes tpQp > tRpp (max ) 

7 tRQp (max ) is specifiers a reference point only, if tpQp is less than tpQQ (max ) access time is tp A 0, if tpQp is greater than tpQp (max ) access time is tRCD + *CAC 

8 tj is measured betweerTV||_| (min ) and V| L (max ) 

9 l WCS> 'CWD and l RWD are specified as reference points only If tyyQg » tyypg (mm ) the cycle is an early write cycle and the data out pin will remain high impedance 
throughout the entire cycle If tcwD ** *CWD ( mm -) and ^RWD ^ l RWD the cycle is a read-modify-write cycle and the data out will contain the data read from the 
selected address If neither of the above conditions is satisfied, the condition of the data out is indeterminate 


Figure 5C1.3. 2118 Family Timing (Con’t) 
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5.C.2 Enhanced Operation 

Two problems are evident from the previous investiga- 
tion: 

1) SACK timing from command will not allow reliable 
operation while XACK is not active early enough to pre- 
vent wait states. 

2) The normal write command required to guarantee 
data setup is not enabled until the CPU has sampled 
READY thereby forcing multiple wait states during write 
operations. 

The first problem could be resolved if an earl y comm and 
could be generated that would guarantee SACK was 


valid when READY was sampled and SACK to data valid 
satisfied the CPU requirements. Figure 5.C.2.1 is a cir- 
cuit which provides an early read command derived from 
the maximum mode status. The early command is en- 
abled from the trailing edge of ALE and disabled on the 
trailing edge of the normal command. The command 
provides an additional TCHCLmin- TCHLLmax + 
TCLMLmax- circuit delays = 53 ns of access time and 
time to generate RDY from the early command. If we go 
back to our previous equations, early command to valid 
data at the CPU is now: 

TCHCLmin - TCHLLmax-i- 2TCLCL- TDVCLmax- buf- 
fer and circuit delays = 333 ns 
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We can now use the slowest 2118 which gives 8202 and 
2118 access of 320 ns. Early command to RDY timing is 
TCLCL-TCHLLmax- circuit delays- TRIVCLmax = 
115 ns and p rovide s 35 ns of margin beyond the 8202 
command to SACK delay. 

The write timing of the 8202 and write data valid timing 
of the 8086 do not allow use of an early write command. 
However, if th e 8202 clock is reduced from 25 M Hz to 20 
MHz and WE to the RA M’s is gated with CAS, the ad- 
vanced write command (A MWC ) may be used. At 20 MHz 
the minimum command to CAS delay is 148 ns while the 
maximum data valid delay is 144 ns. 

The reduced 8202 clock frequency still satisfies no wait 
state read operation from early read and will insert no 
more than one wait state for write (assuming no conflict 
with refresh). 20 MHz 8202 operation will however re- 
quire using the 2118-4 to satisfy read access time. 

Note that slowing the 8 202 t o 22.2 MHz guarantees valid 
data within 10 ns after CAS and allows using the 2118-7. 
Since this analysis is totally based on worst case 
minimum and maximum delays, the designer should 
evaluate the timing requirements of his specific im- 
plementation. 

It shou ld be noted that the 8202 SACK is equivalent to 
XACK timing if the cycle being executed was delayed by 


refresh. Delaying SACK until XACK time causes the 
CPU to enter wait states until the cyc le is completed. If 
the cycle is a read cycle, the XACK timing guarantees 
data is valid at the CPU before RDY is issued to the CPU. 

The use of the early command signals also solves a 
problem not mentioned previously. The cycle rate of the 
8202 @ 20 MHz requires that commands (from leading 
edge to leading edge) be separated by a minimum of 695 
ns. The maximum mode 8086 however may issue a read 
command 600 ns after the normal write command. For 
the early read command and advanced write command, 
725 ns are guaranteed between commands. 



Figure 5C2.2. Delayed Write to Dynamic RAMs 
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APPENDIX I 

BUS CONTENTION AND ITS EFFECT ON SYSTEM INTEGRITY 


SYSTEM ARCHITECTURE 

As higher performance microprocessors have become 
available, the architecture of microprocessor systems 
has been evolving, again placing demands on memory. 
For many years, system designers have been plagued 
with the problem of bus contention when connecting 
multiple memories to a common data bus. There have 
been various schemes for avoiding the problem, but 
device manufacturers have been unable to design inter- 
nal circuits that would guarantee that one memory 
device would be “off” the bus before another device 
was selected. 'With small memories (512x8 and 1Kx8), it 
has been traditional to connect all the system address 
lines together and utilize the difference between t ACC 
and t C o to perform a decode to select the correct device 
(as shown in Figure 1). 



Figure 1. Single Control Line Architecture 


With the 1702A, the chip select to output delay was only 
100 ns shorter than the address access time; or to state 
it another way, the t AC c time was 1000 ns while the tco 
time was 900 ns. The 1702A t A cc performance of 1000 ns 
was suitable for the 4004 series microprocessors, but 
the 8080 processor required that the corresponding 
numbers be reduced to Ucc^ 450 ns and tco= 120 ns. 
This allowed a substantial improvement in performance 
over, the 4004 series of microprocessors, but placed a 
substantial burden on the memory. The 2708 was 
developed to be compatible with the 8080 both in ac- 
cess time and power supply requirements. A portion of 
each 8080 machine cycle time had to be devoted to the 
architecture of the system decoding scheme used. This 
devoted portion of the machine cycle included the time 
required for the system controller (8224) to perform its 
function before th$ actual decode process could begin. 

Let’s pause here and examine the actual decode 
scheme that was used so we can understand how the 
control functions that a memory device requires are 
related to system architecture. 

The 2708 can be used to illustrate the problem of having 
a single control line. The 2708 has only one read control 


function, chip select (CS), which is very fast (tco=120 
ns) with respect to the overall access time (t A cc = 450 
ns) of the 2708. It is this time difference (330 ns) that is 
used to perform the decode function, as illustrated in 
Figure 2. The scheme works well and does not limit 
system performance, but it does lead to the possibility 
of bus contention. 
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Figure 2. Single Line Control Architecture 


BUS CONTENTION 

There are actually two problems with the scheme 
described in the previous section. First, if one device in 
a multiple memory system has a relatively long deselect 
time, and a relatively fast decoder is used, it would be 
possible to have another device selected at the same 
*time. If the two devices thus selected were reading op- 
posite data; that is, device number one reading a HIGH 
and device number two reading a LOW, the output tran- 
sistors of the two memory devices would effectively pro- 
duce a short circuit, as Figure 3 illustrates. In this case, 
the current path is from V cc on device number one to 
GND on device number two. This current is limited only 
by the “on” impedance of the MOS output transistors 
and can reach levels in excess of 200 mA per device. If 
the MOS transistors have a lot of “extra” margin, the 
current is usually not destructive; however, an instan- 
taneous load of 400 mA can produce “glitches” on the 
V C c supply— glitches large enough to cause standard 
TTL devices to drop bits or otherwise malfunction, thus 
causing incorrect address decode or generation. 

The second problem with a single control line scheme is 
more subtle. As previously mentioned, there is only one 
control function available on the 2708 and any decoding 
scheme must use it out of necessity. In addition, any in- 
advertent changes in the state of the high order address 
lines that are inputs to the decoder will cause a change 
in the device that is selected. The result is the same as 
before— bus contention, only from a different source. 
The deselected device- cannot get “off” the bus before 
the selected one is “on” the bus as the addresses rapid- 
ly change state. One approach to solving this problem 
would be to design (and specify as a maximum) devices 
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with toF time less than tco time, thereby assuring that if 
one device is selected while another is simultaneously 
being deselected, there would be some small (20 ns) 
margin. Even with this solution, the user would not be 
protected from devices which have very fast tco times 
(tco is specified as a maximum). 



I DATA I 

BUS 


RESULTS OF IMPROPER TIMING WHEN OR TYING MULTIPLE 
MEMORIES. 

Figure 3. Results of Improper Timing when OR Tying Multiple 
Memories 


generate the unique device selecting function, but a 
separate and independent Output Enable (OE) control is 
now used to gate data “on” and “off” the system data 
bus. With this scheme, bus contention is completely 
eliminated as the processor determines the time during 
which data must be present on the bus and then 
releases the bus by way of the Output Enable line, thus 
freeing the bus for use by other devices, either 
memories or peripheral devices. This type of architec- 
ture can be easily accomplished if the memory devices 
have two control functions, and the system is im- 
plemented according to the block diagram shown in 
Figure 5. It differs from the previous block diagram 
(shown in Figure 1) in that the control bus, which is con- 
nected to all memory Output Enable pins, provides 
separate and independent control over the data bus. In 
this way, the microprocessor is always in control of the 
system; while in the previous system, the microproc- 
essor passed control to the particular memory device 
and then waited for data to become available. Another 
way to look at it is, with a single control line the sytem is 
always asynchronous with respect to microprocessor/ 
memory communications. By using two control lines, 
the memory is synchronized to the processor. 


The only sure solution appears to be the use of an exter- 
nal bus driver/transceiver that has an independent 
enable function. Then that function, not the “device 
selecting function,” or addresses, could control the 
flow of data “on” and “off” the bus, and any contention 
problems would be confined to a particular card or area 
of a large card. In fact, many systems are implemented 
that way— the use of bus drivers is not at all uncommon 
in large systems where the drive requirements of long, 
highly capacitive interconnecting lines must be taken 
into consideration— it also may be the reason why more 
system designers were not aware of the bus contention 
problem until they took a previously large (multicard) 
system and, using an advanced micorprocessor and 
higher density memory devices, combined them all on 
one card, thereby eliminating the requirement for the 
bus drivers, but experiencing the problem of bus con- 
tention as described above. 


ADDRESS 




SELECTION 




OUTPUT 

ENABLE 


\ I 


<zzy 


Figure 4. Two Control Line Architecture 


THE MICROPROCESSOR/MEMORY INTERFACE 

From the foregoing discussion, it becomes clear that 
some new concepts, both with regard to architecture 
and performance are required. A new generation of two 
control line devices is called for with general require- 
ments as listed below: 

1. Capability to control the data “on” and “off” the 
system bus, independent of the device selecting func- 
tion identified above. 

2. Access time compatible with the high performance 
microprocessors that are currently available. 

Now let’s examine the system architecture that is re- 
quired to implement the two line control and prevent 
bus contention. This is shown in the form of a timing 
diagram (Figure 4). As before, addresses are used to 



Figure 5. Two Control Line Architecture 
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INTRODUCTION 

The purpose of this application note is to provide the reader 
with the conceptual tools and factual information needed to 
apply the Intel 8089 to graphic CRT design. Particular 
attention will be paid to the requirements of high-resolution, 
color graphic applications, since these tend to require higher 
performance than those which do not use color. 

The Intel 8089 is a microprocessor system which contains an 
8086 CPU and an 8089 Input/ Output Processor. In the 
graphic CRT application, the 8089 performs DMA transfers 
from the display memory to the CRT controller, and also 
serves as a CPU for functions such as keyboard polling and 
initialization of the CRT controller chips. The DMA 
transfers are done in such a manner that they do not tie up the 
system bus. 

The system is organized so that the 8086 and the 8089 
can perform concurrent processing on separate buses. 
Using the inherent ability of the 8089 to execute pro- 
grams in its own I/O space, the 8086 can successfully 
delegate many of the chores that have specifically to do 
with the CRT display and keyboard, thus reducing the 
8086’s processing overhead. For these reasons, the ca- 
pabilities of the 8086 as a CPU can be more fully utilized 
to perform calculations dealing with the material to be 
displayed. Thus, more complex types of displays can be 
undertaken, and the terminal will also be more 
interactive. 


This application note is presented in five sections: 

1. Introduction 

2. Overview of Graphic CRT Systems 

3. Overview of the 8089 

4. Graphic CRT System Design 

5. Conclusions 

Section 2 discusses typical CRT designs, shows how per- 
formance requirements increase when the capability for color 
graphics is included, and explains some of the system 
bottlenecks that can arise. Section 3 describes the capabilities 
of the 8089, which can be brought to bear to resolve these 
bottlenecks. Section 4 gives detailed information for a color 
graphic CRT system using the Intel 8089 (8086 and 8089). 

The reader may obtain useful background information 
on the 8086 and 8089 from iAPX 86,88 User’s Manual. 
It would also be helpful to read the data sheets on the 
8086, 8089, 2118 Dynamic RAM, 8202 Dynamic Ram 
Controller, 8275 CRT Controller, 8279 
Keyboard/Display Interface, and 2732A EPROM. 

OVERVIEW OF CRT GRAPHIC SYSTEMS 
Typical Design Technique 

A typical microprocessor-based CRT terminal is shown 
in block diagram form in Figure 1 . The terminal consists 
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of a CRT monitor, monitor electronics, a CRT control- 
ler and character generator ROM, display memory, a 
DMA device, a central processor and associated pro- 
gram memory, a keyboard and keyboard interface, and 
serial and/or parallel communication devices. 

The primary function of the non-graphic CRT controller 
is to refresh the display. It does this by controlling the 
periodic transfer of information from display memory 
to the CRT screen, with the help of the DMA device. 
The central processing unit (CPU) coordinates the 
transfer of information to and from the external 
devices. When information from an external device is 
received by the terminal, the CPU performs character 
recognition and handling functions, display memory 
management functions, and cursor control functions. 
The CPU also interrogates the keyboard interface 
device. If a key depression is detected, the ASCII char- 
acter representing that key is sent to the display 
memory and/or an external ^device. 

The design shown in Figure 1 could be implemented 
using Intel LSI products. The CPU could be an 8085, 
the DMA device an 8237A DMA controller, the CRT 
controller an 8275, the character generator ROM a 
2708, program memory ROM a 2716, display memory 
2114s (2K x 8), and the keyboard interface an 8279 
keyboard controller. These choices would result in a 


\ 

CRT terminal capable of displaying 25 lines of text 
containing 80 characters each. 

As the design is upgraded to add color and graphics 
capability, performance requirements increase accord- 
ingly. The components most likely to require changing 
are the CPU, the DMA device, the CRT controller, and 
the display memory. Thus, it is desirable at this point to 
examine the operation of these components in more 
detail to provide a foundation for graphic system opera- 
tion. Later we shall give a specific example of a more 
complex display, and examine the performance re- 
quirements imposed. Figure 2 is a block diagram show- 
ing only those components involved with the 
non-gtaphic CRT refresh function, with more detail 
provided regarding the connecting signal lines. 

The refresh function proceeds as follows. The 8275, 
having been programmed to the specific screen format, 
generates a series of DMA request signals to the 8237A. 
This results in the transfer of a row of characters from 
display memory to one of two row buffers within the 
8275. From this row buffer, the characters are sent, via 
lines CC0-CC6, to the character generator ROM. The 
dot timing and interface circuitry is then utilized to 
convert the parallel output data from the character 
generator ROM into serial signals for the video input of 
the CRT. 



Figure 2. Components Involved in the CRT Refresh Function 
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1st 2nd 3rd 4th Sth 6th 7th 

Character Character Character Character Character Character Character 


□□■■■■□□□■□□□□■□□■■■■■□□□□□□□□□■■■■□□□□a 

First Line of a Character Row 




1st 2nd 3rd 4th 5th 6th 7th 

Character Character Character Character Character Character Character 




Second Line of a Character Row 


1st 2nd 3rd 4th 5th 6th 7 th 

Character Character Character Character Character Character Character 


□□■■■■□□□■□□□□■□□■■■■■□□□□□□□□□■■■■□□□□■■■□□□■□□□■a 

□■□□□□■□□■□□□□■□□■□□□□□□□□□□□□□■□□□■□□■□□□■□□■□□□■a 


Third Line of a Character Row 


1st 2nd 3rd 4th 5th 6th 7th 

Character Character Character Character Character Character Character 


□□■■■■□□□■□□□□■□□■■■■■□□□□□□□□□■■■■□□□□■■■□□□■□□□■a 

□■□□□□■□□■■□□□■□□■□□□□□□□□□□□□□■□□□a 

□■□□□□■□□■□■□□■□□■□□□□□□□□□□□□□■□□□■□□■□□□■□□■□□□Bn 

□■□□□□■□□■□□□□■□□■■■■□□□□□□□□□□■■■■□□□■□□□■□□■□■□■a 

□■□□□□■□□■□□□■■□□■□□□□□□□□□□□□□■□□■□□□■□□□■□□■□■□■a 

□□■■■■□□□■□□□□■□□■■■■■□□□□□□□□□■□□■□□□□■■■□□□□■□■□a 

Seventh Line of a Character Row 


Figure 3. Character Row Display 


The character rows are displayed on the CRT one line at 
a time. Line count signals LC0-LC3 are applied to the 
character generator ROM by the 8275, to specify the 
specific line count within the row of characters. This 
display process is shown in Figure 3, using a seven-line 
character for purposes of illustration. The entire pro- 
cess is repeated for each row of characters in the 
display. ^ 

At the beginning of the last display row, the 8275 issues 
an interrupt request via the IRQ output line. This inter- 
rupt output is normally connected to the interrupt input 
of the system CPU. The interrupt causes the CPU to 
execute an interrupt service subroutine. This sub- 
routine typically reinitializes the DMA controller 
parameters for the next display refresh cycle, polls the 
system keyboard controller, and executes other appro- 
priate functions. 


Performance Requirements 

In the example we have discussed thus far, a display 
consisting of 25 rows, each containing 80 text charac- 


ters, with no color or graphic capability, has been as- 
sumed. Such a screen can be represented by 80 x 25 = 
2000 bytes of data. If the screen is refreshed 60 times 
per second, then a total of 120,000 bytes will need to be 
transferred each second from display memory to the 
8275 CRT controller. This figure is well within the capa- 
bility of the 8237A DMA controller, even allowing for 
vertical retrace time and other overhead. In this appli- 
cation then, both the display memory and the system 
bus remain available to the system CPU most of the 
time, and no bottleneck occurs because of the DMA 
transfer process. 

The situation is quite different when a high-resolution, 
color graphics capability is desired. The performance 
requirements are obviously much greater. To derive a 
quantitative requirement it is necessary to choose, even 
if somewhat arbitrarily, a specific display method and 
screen format. The display method chosen for the sys- 
tem described in this application note is called the 
virtual-bit mapping technique. When this technique is 
used, the graphic material to be displayed is handled on 
a character basis. Figure 4 shows the structure of the 
text and graphic characters used. The text character is a 
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7x5 character in an 8 x 5 matrix. The graphic character 
is a 4 x 5 matrix. 

The size of a graphic character is the same as the size of 
a text character. In addition, the text characters may be 
in color. The resolution (horizontal) for a graphic char- 
acter is twice as coarse as the dot spacing for a text 
character. One of eight colors may be selected for fore- 
ground and for background within a particular 
character. 

Figure 5 shows how the display character can be speci- 
fied using four bytes. The first byte determines whether 
the character is a text character or a graphic character, 
and specifies the colors for foreground and back- 
ground. If it is a text character, the second byte 
specifies the character with a seven-bit ASCII code, and 


the remaining two bytes are not used. If it is a graphics 
character, the second, third, and fourth bytes contain 
the color specification for each of the twenty distinct 
picture elements (pixels) within the character. Use of 
the foreground color is indicated by a one in the respec- 
tive bit position, while a zero specifies use of the back- 
ground color. 

The screen format chosen has 80 characters per row 
and 48 rows. Thus the resolution (in terms of picture 
elements) is 640 x 480 for text characters and 320 x 240 
for graphic characters. A, full screen contains 80 x 48 = 
3840 characters. Thus, a single frame of the display can 
be represented by 3840 x 4 = 15,360 bytes. If the screen 
were updated 60 times per second, the CRT refresh 
function would require a DMA transfer rate of 15,360 x 
60 = 921,600 bytes per second. 




Figure 5. Display Character Specification 
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MODE = 0 0 I D6 I D5 I D4 


D2 I D1 I DO 


MODE = 1 0 I RB2 I X I RBO I RA3 I RA2 RA1 RAO 


ROW B GRAPHICS ROW A GRAPHICS 

1 = FOREGROUND COLOR 
0 - BACKGROUND COLOR 

(b) Byte 1 


NOTE: RBI IS INTENTIONALLY MOVED TO BYTE 3 SUCH THAT REPRESENTATION OF A BLANK 
CHARACTER FOR EITHER TEXT OR GRAPHIC IS THE SAME. 



1 

1 

1 

1 

ROW B GRAPHICS 

1 

1 

1 

1 

ROW C GRAPHICS 


1 

ROW D GRAPHICS 




(c) Byte 2 




1 

1 

1 

1 

ROW D GRAPHICS 

1 

1 

1 

ROW E GRAPHICS 


ROW B GRAPHICS 




(d) Byte 3 



Figure 5. Display Character Specification (Cont.) 
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System Bottlenecks 

It can be seen from the above calculation that nearly 
one megabyte of data must be transferred per second to 
effect the CRT refresh function alone. Even with the 
fastest available DMA controllers, this represents the 
major part of the bandwidth for such devices. When the 
design shown in Figure 1 is used, the system bus must 
also be used by the CRT terminal processor for such 
functions as keyboard polling and communication with 
external devices. In addition, any changes made to the 
material being displayed would require use of the sys- 
tem bus for the purpose of storing the new material in 
the display memory, and possibly also for access to 
system memory during the calculation process. It is 
easy to see, therefore, that severe bottlenecks can oc- 
cur in terms of system bus utilization. Problems involv- 
ing bus contention could also be difficult to resolve. 
Display underruns could become difficult or impossible 
to avoid in some cases, such as when graphics com- 
putations require excessive use of the system bus. 

The situation can be improved substantially if provision 
is made for concurrent processing. One CPU can be 
doing calculations on the material to be displayed, 
while another CPU can be managing the CRT terminal 
functions and the I/O devices simultaneously. Local 
buses can be used for access to the respective program 
memories, with the system bus used only for transfer of 
new display data and for communication between the 
two processors. 

The Intel 8089 offers a convenient and economical way of 
implementing this multiprocessing approach. In particular, 
the 8089 has unique capabilities that simplify the design 
process. 


OVERVIEW OF THE 8089 
Architectural Overview 

The 8089 Input/Output Processor is a complete I/O 
management system on a single chip. It contains two 
independent I/O channels, each of which has the capa- 
bilities of a CPU combined with a programmable DMA 
controller. 

The DMA functions are somewhat more flexible than 
those of most DMA controllers. For example, a con- 
ventional DMA controller transfers data between an 
I/O device and a memory. The 8089 DMA function can 
operate between one memory and another, between a 
memory and an I/O device, or between one I/O device 
and another. Any device (I/O or memory) can physi- 
cally reside on the system bus or on the I/O bus. The bus 


width for the source and destination need not be the 
same. If the source, for example, is a 16-bit device, 
while the destination is an 8-bit device, the 8089 will 
disassemble the 16-bit word automatically as part of the 
DMA transfer process. The transfer can be synchro- 
nized by the source, by the destination, or it can be free 
running. The 8089 can effect data transfers at rates up to 
1.25 megabytes when a 5 MHz clock is used. 

Unlike most DMA controllers, the 8089 uses a two- 
cycle approach to DMA transfer. A fetch cycle reads 
the data from the source into the 8089, and a store cycle 
writes the data from the 8089 to the destination. This 
two-cycle approach enables the 8089 to perform opera- 
tions on the data being transferred. Typical of such 
operations are translating bytes from one code to an- 
other (for example, EBCDIC to ASCII) or comparing 
data bytes to a search value. 

A variety of conditions can be specified for terminating 
DMA transfers, including single cycle, byte count (up 
to 64K), external event, and data-dependent condi- 
tions, such as the outcome of a masked compare 
operation. 

The CPU in each channel can execute programs in the 
system space (from a memory on the system bus) or in 
the I/O space (from a memory on a separate I/O bus). 
Thus, complete channel programs can be run by the 
8089 without tying up the system bus or interfering with 
the operation of the system CPU. Figure 6 is a simpli- 
fied block diagram of the 8089, showing how the 8089 
interfaces with these two buses. 

The programs that the 8089 executes may be preexisting 
programs stored in ROM or EPROM, or they may be 
programs prepared for the 8089 by the system CPU. In 
the latter case, the programs are typically in modular 
form, contained in “task blocks” that the system CPU 
places in a memory location accessible to the 8089. 
During normal operation, the system CPU then directs 
the 8089 to the various task blocks, according to which 
programs are to be executed. The details of how this is 
done are given below under Software Interface. 

The 8089 has an addressing capability of 64K bytes in 
the I/O space, and thus can support multiple per- 
ipherals, as illustrated in Figure 7. In the system space, 
the 8089 supports 1 -megabyte addressing, and is di- 
rectly compatible with the 8086 or 8088, and with Intel’s 
Multibus. The 8089 operates from a single +5V power 
source, and is housed in a standard 40-pin, dual in-line 
package. The instruction set for the 8089 IOP is specifi- 
cally designed and optimized for I/O processing and 
control. In addition to being able to execute DMA 
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HOST CPU 



Figure 6. Simplified Block Diagram of the 8089 


transfers under a wide variety of operating conditions, 
the 8089 can perform logic operations, bit manipula- 
tions, and elementary arithmetic operations on the data 
being transferred. A variety of addressing modes may 
be used, including register indirect, index auto incre- 
ment, immediate offset, immediate literal, and indexed. 

The register set for the 8089 is shown in Figure 8. Each 
channel has an independent set of these registers, not 


accessible to the other channel. Table 1 gives a brief 
summary of how these registers are used during a pro- 
gram execution or during a DMA transfer. Four of the 
registers can contain memory addresses which refer to 
either the system space or the I/O space. These regis- 
ters each have an associated tag bit. Tag = 0 refers to the 
system space and tag = 1 refers to the I/O space. More 
details on how the registers are used are given below as 
part of the Software Interface section. 
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Figure 7. I/O System with Multiple Peripherals 



Figure 8. 8089 Register Set 


System Configurations 

The hardware relationship between the host CPU and 
the 8089 can take one of two basic forms — local con- 
figuration or remote configuration. In local configura- 
tion (Figure 9) the IOP shares the system bus interface 


logic with the host CPU. They reside on the same bus, 
sharing the same system address buffers, data buffers, 
and bus timing and control logic. The 8089 requests the 
use of the bus by activating the request/grant line to the 
host CPU. When the host relinquishes the bus, the IOP 
uses all the same hardware, and the host CPU is re- 
stricted from accessing the bus until the 8089 returns 
control of the bus to the host CPU. 

The local configuration is a very economical configura- 
tion in terms of hardware cost, but it does not allow 
concurrent processing, and thus it is not able to really 
take advantage of the 8089’s capabilities for indepen- 
dent operation. In the local configuration, the 8089 acts 
as a local DMA controller for the CPU, providing en- 
hanced DMA capabilities and 1 -megabyte addressing. 

For applications such as the color graphics terminal, 
where system bus utilization (and other overhead) due 
to I/O processing would clearly be excessive in the local 
configuration, it is far more desirable to use the remote 
configuration, illustrated in Figure 10. The two proces- 
sors both access tfie system bus, but each may have its 
own local bus in addition. Each of the processors may 
execute programs from memory on its own local bus, or 
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Table 1. Channel Register Summary 


Register 

Size 

Program 

Access 

System 
or I/O 
Pointer 

Use by Channel Programs 

Use in DMA Transfers 

GA 

20 

Update 

Either 

General, base 

Source/destination pointer 

GB 

20 

Update 

Either 

General, base 

Source/destination pointer 

GC 

20 

Update 

Either 

General, base 

Translate table pointer 

TP 

20 

Update 

Either 

Procedure return, instruction pointer 

Adjusted to reflect cause of termination 

PP 

20 

Reference 

System 

Base 

N/A 

IX 

16 

Update 

N/A 

General, auto-increment 

N/A 

BC 

16 

Update 

N/A 

General 

Byte counter 

MC 

16 

Update 

N/A 

General, masked compare 

Masked compare 

CC 

16 

Update 

N/A 

Restricted use recommended 

Defines transfer options 



Figure 9. CPU and IOP in Local Configuration 
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Figure 10. CPU and IOP in Remote Configuration 


on the shared system bus. This creates a much more 
flexible arrangement. Concurrent processing may be 
used, and it is not necessary to synchronize the proces- 
sors. An 8086, for example, may run at 8 or 10 MHz 
while the 8089 operates at 5 MHz. The specific terminal 
design described later in this application note makes 
use of one additional technique to further decouple the 
operation of the two processors. This is a dual-port 
RAM, which is located between the system bus and the 
8089, and serves as display memory and as storage for 
the task blocks created by the 8086 CPU. Details on 
how this dual-port RAM operates are given below in the 
sections describing the terminal design itself. 


Software Interface 

Although the 8089 is an intelligent device which has a 
great deal of ability to function independently when 
managing the course of I/O operations, it typically 
operates under the overall supervision of the host CPU. 


Figure 1 1 illustrates the method of communication be- 
tween the CPU and the IOP. The CPU communicates 
to the IOP by placing messages in memory and activat- 
ing the IOP’s channel attention (CA) input. The IOP 
communicates to the CPU by placing messages in sys- 
tem memory and making an interrupt request on one of 
its system interrupt request (SINTR-1 or SINTR-2) 
outputs. 

The messages in memory take the form of linked 
blocks. These blocks are of the following five types: 

1 . System Configuration Pointer (SCP) 

2. System Configuration Block (SCB) 

3. Channel Control Block (CCB) 

4. Parameter Block (PB) 

5. Task Block (TB) 

The SCP and SCB blocks are used by the CPU (only 
after reset) to initialize the 8089. The CCB, PB andTB 
blocks are used when the CPU wishes to instruct the 
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Figure 11. CPU/IOP Communication 


IOP to perform a particular sequence of operations. 
Figure 12 shows these five blocks and how they are 
linked. The SCP, SCB, CB, and PB must be in memory 
which is accessible from both the CPU and 8089 (either 
system memory or for this application note, dual-port 
memory). TheTB may be in either system or 8089 locab 
memory. 

The system configuration pointer is always found at the 
same location (FFFF6) in the system memory. The first 
time channel attention is activated (after an IOP reset) 
the 8089 reads the system configuration pointer from 
this location. The SYSBUS field contains only one sig- 
nificant bit (Bit 0), designated by the letter W. If W = 0, 
the system bus is an 8-bit bus. W = 1 denotes a 16-bit 
system bus. The IOP first assumes an 8-bit bus and 
reads the SYSBUS field. It stores the information as to 
the physical width of the system bus, then immediately 
uses this information in the process of fetching the next 
four bytes, which contain the address of the system 
configuration block. 

The addresses used to link blocks are standard iAPX 86, 
88 pointer variables, each occupying two word loca- 
tions in system memory. The lower-addressed word 
contains an offset, which is added to the segment base 
value (left-shifted four places) found in the upper- 
addressed word to derive the complete 20-bit physical 
address in system memory. If the block is in an I/O 
memory (as a task block might be), only the offset value 
is used. 

After thus deriving the address of the system configura- 
tion block, the IOP reads this block, starting with the 
system operation command (SOC) field. Bit 1 of the 
SOC field specifies the request/grant mode (used in 


local configuration or in multiple-IOP systems). Bit 0 
specifies the I/O bus width (designated I). When 1=0, 
the I/O bus is an 8-bit bus. 1 = 1 denotes a 16-bit I/O bus. 
The IOP then proceeds to read the double- word pointer 
to the channel control block, converts it to the 20-bit 
physical address, and stores it in an internal register 
(the channel control pointer register). This register is 
loaded only during initialization and is not available to 
channel programs. For this reason the channel control 
block cannot be moved unless the IOP is reset and 
reinitialized. 

The initialization is complete when the channel control 
pointer has been stored. The IOP indicates this by clear- 
ing the busy flag in the channel 1 control block (which 
must be set by the host CPU before the initialization 
sequence began). The host CPU can monitor this flag to 
determine when initialization is complete, and then to 
initialize any other 8089s in the system. 

It is the responsibility of the host CPU to make sure that 
the SCP and SCB have the proper contents before 
issuing the channel attention (CA) that begins the in- 
itialization sequence. After initialization, the host CPU 
must also assure that the channel control block (CCB), 
parameter block (PB), and task block (TB) all have the 
proper contents, before issuing a subsequent CA. 

The CA may be issued in the form of an I/O write 
command to the address of the IOP on the Multibus. 
Figure 13 shows a typical decoding circuit for this write 
command. The IOP actually occupies two consecutive 
address locations on this bus, because the A0 line is tied 
to the select (SEL) input of the 8089. A zero on the SEL 
line specifies IOP channel 1 for the impending opera- 
tion, while a one specifies IOP channel 2. 
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Figure 12. Linked Block Communication Structure 



Figure 13. Channel Attention Decoding Circuit 


The channel control block has a section for each chan- 
nel. When the CA is received, the IOP goes to the 
section corresponding to the selected channel, and 


reads the channel command word (CCW). It then sets 
or clears the busy flag (FFH = set, 00H = clear). The 
encoding of the channel command word is shown in 
Figure 14. The CCW provides the IOP with a functional 
command (START in I/O space, HALT, etc.) and 
specifies some of the operating conditions, such as 
interrupt handling, bus load limit, or priority relative to 
the other channel. If the CPU is instructing the IOP to 
execute a program, it is at this point that the CPU 
specifies, via the CCW, whether the instructions are to 
be fetched from the system space or from the 8089’s I/O 
space. Refer to iAPX 86,88 User’s Manual for specific 
details on the setting and clearing of the busy flag and on 
CCW specifications. 

After the CCW has been read, the IOP reads (if appro- 
priate to the command) the address of the parameter 
block associated with the impending operation, and 
stores the translated address (from the two-word seg- 
ment and offset pair to the 20-bit physical address) in 
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7 


0 


E 

3 

B 

ICF 

CF, 1 


CF COMMAND FIELD 

000 UPDATE PSW 

001 START CHANNEL PROGRAM LOCATED IN I/O SPACE. 

010 (RESERVED) 

011 START CHANNEL PROGRAM LOCATED IN SYSTEM SPACE. 

100 (RESERVED) 

101 RESUME SUSPENDED CHANNEL OPERATION 

110 SUSPEND CHANNEL OPERATION 

111 HALT CHANNEL OPERATION 

ICF INTERRUPT CONTROL FIELD 

00 IGNORE, NO EFFECT ON INTERRUPTS. 

01 REMOVE INTERRUPT REQUEST; INTERRUPT IS ACKNOWLEDGED. 

10 ENABLE INTERRUPTS. 

11 DISABLE INTERRUPTS. 

B BUS LOAD LIMIT 

0 NO BUS LOAD LIMIT 

1 BUS LOAD LIMIT 

P PRIORITY BIT 


Figure 14. Channel Command Word Encoding 

/ 


the parameter pointer (PP) register. PP is another regis- 
ter which is not programmable by the channel program. 
The IOP then goes to this location in system memory, 
and fetches the address of the task block itself. The task 
block contains the actual program to be executed, while 
the parameter block contains parameters to be used by 
that program. 

Except for the first two words, which contain the task 
block address, the parameter block format is up to the 
discretion of the user. Similarly, the task block may 
have any format whatsoever, as long as the IOP can 
execute the program. The parameter block is always in 
system memory, but the task block may be either in 
system memory or in I/O (local) memory. 

The host CPU may prepare as many parameter- 
block/task-block sets as it wishes. An individual set is 
then activated for execution by placing its parameter 
block pointer in the desired channel’s control block, 
loading the appropriate channel control word, and issu- 
ing a CA to that channel. 

The registers shown in Figure 8 store (in addition to 
pointer variables) various flags and parameters associ- 
ated with the IOP’s operation^ Some of these registers 
are loaded automatically with information fetched dur- 
ing the initialization sequence or during channel atten- 
tion processing. Others must be set by executing a 
program using instructions from the IOP’s instruction 
set that are specifically designed for loading these 
registers. 


Channel programs (task blocks) are written in ASM-89, 
the 8089 assembly language. About 50 basic instruc- 
tions are available. The IOP instruction set contains 
some instructions similar to those found in CPUs, and 
also other instructions specifically tailored to I/O oper- 
ations. Data transfer, simple arithmetic, logical, and 
address manipulation operations are available. Uncon- 
ditional jump and call instructions are provided so that 
channel programs can link to each other. An individual 
register or even a single bit may be set or cleared with a 
single instruction. Other instructions specify condi- 
tional jumps, initiate DMA transfers, perform sema- 
phore operations, and issue interrupt requests to the 
CPU. 

A channel program typically ends by posting the result 
of an operation to a field supplied in the parameter 
block, then interrupting the CPU (if interrupts are en- 
abled) and halting. When the channel halts, its associ- 
ated BUSY flag is cleared in the channel control block. 
The CPU can poll this flag (as an alternative to being 
interrupted) to determine when the operation ha§ been 
completed. 


Timing Details 

The basic bus timing relationships for the 8089 are 
identical to those of the 8086 or 8088, in that all cycles 
consist of four states (assuming no wait states), and use 
the same time-multiplexing technique for the ad- 
dress/data lines. The address (and ALE signal from the 
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8288 bus controller) is output during state T1 for either a 
read or write cycle. During state T2 for a read cycle 
(Figure 15) the address/data lines are floated. During 
state T2 for a write cycle (Figure 16) data is output on 
these lines. During state T3, the write data is main- 
tained or the read data is sampled. The bus cycle is 
concluded in state T4. 

Figure 17 shows some details on the wait state timing 
and Figure 18 shows the RESET-CA initialization 
timing. 

During DMA transfers, the transfer cycle may be 
synchronized by either the source or the destination. 
Figure 19 (source-synchronized transfers) and Figure 
20 (destination-synchronized transfers) show the 
relationships among the basic clock cycles, the DRQ 
signals, and the DACK signals. 

The 8089 does not have a DACK output signal. Rather, 
it uses the more general process of issuing a command 
(for example, I/O read or write) to an address on the I/O 
bus. This command is then hardware decoded to obtain 


a chip select signal for the addressed device. This 
method enables the 8089 to relate to a variety of I/O 
devices in a very flexible manner. 

Figures 19 and 20 also show how the 8089 inserts idle 
clocks to accommodate various DRQ latency condi- 
tions. If maximum efficiency (transfer rate) is desired, it 
is usually possible to remove this latency by techniques 
such as generating an early DRQ. Another possibility is 
to use the unsynchronized DMA transfer mode (DRQ is 
not examined) and to use the READY signal for 
synchronizing transfers. The early DRQ technique will 
be discussed later. 

GRAPHIC CRT SYSTEM DESIGN 

Having examined the requirements for graphic CRT 
systems in general, and having also discussed the capa- 
bilities of the 8089, we can now proceed to describe a 
specific graphic CRT design using the 8089. 


In this design, the system CPU is an 8086. Thus, the entire 
system is called an Intel 8089. 
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■ ONE BUS CYCLE . 


RDY INPUT 


READY 

OUTPUT 


TR1VCL*— ►H-^TRIVCLAHH— H h^-TCLRIX* 

— m. izzi — 


READY \ NOT READY / READY 


♦REFER TO THE 8284A CLOCK GENERATOR/DRIVER 
SHEET FOR TIMING INFORMATION 


Figure 17. Wait-State Timing 

(Synchronous RDY Input) 



Figure 18. Reset and Channel Attention Timing 


System Partitioning 

The 8086 and 8089 are arranged in the remote configura- 
tion. This assures that concurrent processing can occur. 
As mentioned earlier, an additional step is taken to 
further decrease system bus utilization for I/O-related 
processes. This step is the inclusion in the system of a 
dual-port RAM, located between the system bus and 
the 8089^ This dual-port RAM contains the display 
memory and also contains the linked message blocks 
used for communication between the 8086 and the 8089. 

The system configuration then becomes that shown in 
Figure 21. The dual-port RAM becomes the only data 
path between the 8086 and the 8089. Access to this 
memory is time-shared between the 8086 and the 8089, 
with the 8089 taking less than 50% of the total time 
available. Since the 8089 does not access the system 
bus, the host system can enjoy complete freedom to 
allocate its resources between its own local bus and the 
system bus. The CPU and the IOP can operate 
asynchronously, with the 8086 running on an 8 MHz 
clock and the 8089 on a 5 MHz clock. 

The division of responsibility between the 8086 and the 
8089 is then very clearly defined. The 8086 initializes the 
8089 and specifies the task parameters, storing them in 
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TRANSFER CYCLE 



(OCCODEC / VAUD p“ ESS \ 

) ADDRESS) / PRESENT \ 


NOTES 

1) INDICATES THE NUMBER OF IDLE CLOCKS INSERTED AFTER T 4 OF THE STORE CYCLE BEFORE THE NEXT TRANSFER CYCLE 
BEGINS IF DRQ IS RECEIVED BEFORE THE RISING EDGE OF CLK IN THE CURRENT FETCH CYCLE, THE NEXT FETCH BEGINS 
IMMEDIATELY AFTER THE CURRENT STORE 

2) IF THE 8089 IS IDLE WHEN DRQ IS RECOGNIZED, FOUR OR FIVE MORE IDLE CLOCK CYCLES OCCUR BEFORE THE 
ASSOCIATED TRANSFER CYCLE BEGINS (DRQ IS LATCHED ON THE RISING EDGE OF CLK ) 

3) TO PREVENT THE START OF THE NEXT TRANSFER CYCLE, DRQ MUST BE BROUGHT LOW BY THE RISING EDGE OF CLK IN T 4 
OF THE CURRENT FETCH (FOR B/B-^W SOURCE SYNCHRONIZED AND W^B/B DESTINATION SYNCHRONIZED IT MUST BE 
LOW BY THE RISING EDGE OF CLK IN THE FOURTH CLOCK OF THE CURRENT BUS CYCLE INCLUDING WAIT STATES ) 


Figure 19. Source-Synchronized Transfer Cycle 



__ TRANSFEI 

FETCH BUS CYCLE 1 1 

CYCLE 1 

STORE BUS CYCLE 1 

TRANSFER CYCLE 
2 1 IDLE 

_ FETCH BUS CYCLE 2 _ | ^ CLOCKS^ 

2 

STORE BUS CYCLE 2 _ 


CLK 

Tl 1 T 2 I T 3 | T 4 

lra/it 

Tl | T 2 | T 3 1 T 4 

Lfuuin 

Ti | T 2 | T 3 | T 4 I 

T 1 1 t 2 | t 3 I t 4 

LTLTLTLn 

Ti 

LTL 


DRQ HOLD FROM _ 
ADVANCED WRITE 


DRQ* 

(FROM I/O DEVICE) 


DACK 

(DECODED I/O ADDRESS) 



CLOCKS 3 ^ j ^ CLOCKS 3 ^ j ^ 4 OR 5 IDLE CLOCKS 4 


I DRQ FOR NEXT TRANSFER 


VALID I/O 

ADDRESS PRESENT 


NOTES 

1) FIRST DMA FETCH CYCLE OCCURS IMMEDIATELY AFTER THE LAST TASK PROGRAM INSTRUCTION IS EXECUTED 

2) FETCH CYCLE 2 BEGINS IMMEDIATELY AFTER STORE CYCLE 1 

3) INDICATES THE NUMBER OF IDLE CLOCKS INSERTED AFTER T 4 OF THE FETCH BEFORE STORE CYCLE 2 BEGINS IF DRQ IS 
RECEIVED BEFORE THE RISING EDGE OF CLK IN THE CURRENT STORE CYCLE, THE NEXT STORE BEGINS IMMEDIATELY 
AFTER THE NEXT FETCH 

4) IF THE 8089 IS IDLE WHEN DRQ IS RECOGNIZED, FOUR OR FIVE MORE IDLE CLOCK CYCLES OCCUR BEFORE THE 
ASSOCIATED STORE CYCLE BEGINS (DRQ IS LATCHED ON THE RISING EDGE OF CLK ) 

5) TO PREVENT THE NEXT STORE CYCLE FROM OCCURRING, DRQ MUST BE BROUGHT LOW BY THE RISING EDGE OF CLK IN T 4 
OF THE CURRENT STORE (FOR B/B^W SOURCE SYNCHRONIZED AND W-+B/B DESTINATION SYNCHRONIZED, IT MUST BE 
LOW BY THE RISING EDGE OF CLK IN THE FOURTH CLOCK OF THE CURRENT STORE CYCLE INCLUDING WAIT STATES ) 


Figure 20. Destination-Synchronized Transfer Cycle 
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Figure 21. Remote Configuration with Dual-Port RAM 


3-366 


210355-001 















AP-123 


the dual-port RAM. In many cases, the 8086 also pre- 
pares the task programs and stores them in the dual- 
port RAM, from which they may be downloaded to a 
memory on the 8089’s I/O bus. The 8089 executes the 
task programs (from the dual-port RAM or from a local 
memory on the I/O bus), while the 8086 simultaneously 
executes other control or application programs. The 
application programs may encompass a wide variety of 
operations, but they will always generate the display 
characters and store them in the dual-port RAM. The 
8089 returns status to the 8086 when task program 
execution has been completed. 

Figures 22 and 23 show the manner in which the 
memories are organized. Figure 22, which shows the 
memory configuration for the 8086, should be taken as 
an example, since many different configurations are 
possible, according to the user’s application. Figure 23 
shows the memory configuration for the 8089, given the 
particular choices made for the application discussed in 
this note. Of the memories shown in Figure 22, the 2141 
static RAMs and the 2732A EPROMs are located on the 
8086’s local bus, while the 2816 EEPROM and the 21 18 
dual-port RAM are interfaced to the Multibus. The 2816 
is a non-volatile read/write memory equivalent in its 
storage capacity to the 2716 EPROM. 



Figure 22. CPU Memory Organization 


SYSTEM SPACE 



CRT CONTROLLER 1 


CRT CONTROLLER 2 


CHANNEL 

PROGRAM 


SCRATCH 

PAD 


2732A 

EPROM 


2000 

07FF 


Figure 23. IOP Memory Organization 
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8086/8089 Software Interface 

Comparing Figures 22 and 23, it can be seen that the 
2118 dynamic RAM appears in the memory con- 
figurations for both the 8086 and the 8089. In the 8086’s 
system space, this memory occupies addresses F0000 
through F7FFF, while in the 8089’s system space, its 
address range is F8000 through FFFFF. 

Figure 24 shows the organization of the dual-port 
RAM. The addresses given are those seen by the 8089. 
The display data (for the CRT refresh function) is con- 
tained in the two largest blocks — Display Page 0 and 
Display Page 1. Each page contains 15K bytes, enough 
to refresh a color graphic screen containing 48 rows of 
80 characters each. In typical operation, the 8086 and 
the 8089 both access the same page of display data. In 
special cases, such as animated displays, the 8089 per- 
forms repetitive DMA transfers from one of these 
pages, while the 8086 is generating new display material 
and storing it in the other page. The display page pointer 
(DSPLY_PG_PTR) in the parameter block specifies 
which of these pages is to be displayed at any given 
time. This pointer may be changed by the 8086, or by a 
command from the terminal keyboard. 

The Command Buffer is a 256-byte area set aside for 
transferring ASCII characters from the 8086 to the 
8089. It is like a second keyboard, scanned by the 8089. 
It takes precedence over any real keyboard activity. 
The COM_8086 flag in the parameter block is used to 
indicate when there are entries in the command block 
area. 

The EEPROM Buffer is a 256-byte area used in connec- 
tion with the non-volatile EEPROM memory, an op- 
tional memory which may be located on the Multibus. 
One use of such a memory would be to store ASCII 
strings, which could then be recalled by the 8086 upon 
recognition of special keyboard control code 
sequences. 

The Keyboard Buffer/is a 256-byte area which serves as 
a storage area for ASCII characters entered from the 
terminal keyboard. When this buffer becomes full, or 
when a return is entered at the keyboard, an end-of-file 
byte is placed after the last entered character, and the 
keyboard buffer full (KBD_BUF_FULL) flag is set in 
the parameter block. This prevents the 8089 from pro- 
cessing any more inputs from the keyboard, until the 
8086 resets KBD_BUF_FULL. 

The Spare blocks total IK (1024) bytes, and may be 
used for any purpose, according to the user’s 
application. 



Figure 24. Organization of the Dual-Port RAM 


The Linked IOP Control Blocks are those which have 
been discussed above, as part of the 8089 overview. The 
specific memory locations are as shown in Figure 25. 
Note that there is only one parameter block, and no task 
blocks present. Only one task block is used in this 
application, and it is stored in the 2732A EPROMs on 
the 8089’s I/O bus. 
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Figure 25. Organization of the Linked 
IOP Control Blocks Area 

As mentioned earlier, the structure of the parameter 
block is very flexible. Only the first four bytes are fixed 
(because of the 8089’s requirements). These four bytes 
contain the address of the task block. The remaining 
space in the parameter block may be defined by the 
user. The following list shows the parameter block 
structure that is used in support of the channel program 
contained in the 2732A EPROMs on the 8089’s I/O bus. 


TP_ LSW 

DW 

TP—MSD 

DW 

EEP-JNH 

DB 

EEP— BUF— FULL 

DB 

EEP—RECALL 

DB 

COL_CH_INH 

DB 

KBD—INH 

DB 

KBD— BUF— FULL 

DB 

COM—8086 

DB 

COLOR 

DB 

STR— PTR— 8086 

DW 

BACK_COL_SW 

DB 

MON— INH 

DB 

DSPLY_PG_PTR 

DB 

SCROLL— REQ 

DB 

MON-HOM 

DW 

MON-END 

DW 

MON-LMARG 

DW 

MON-RMARG 

DW 

KBD— BUF— PTR 

DW 


In the above table, DB represents a one-byte quantity, 
and DW represents a two-byte quantity. 

TP_LSW and TP—MSD are the two words making up 
the task pointer. However, since in this application the 
task program is in the I/O space, only the least- 
significant word (LSW) is fetched. 

EEP_ INH, when not equal to zero, indicates that the 
EEPROM buffer is closed to keystrokes or 8086 ASCII 
commands. 

EEP_BUF_FULL, when not equal to zero, indicates 
that the EEPROM buffer is full. 

EEP—RECALL, wherf not equal to zero, indicates that 
the 8089 is recalling the contents of an EEPROM buffer 
area. 

COL_CH_INH, when not equal to zero, inhibits the 
color control keys on the keyboard. 

KBD—INH, when not equal to zero, inhibits the pro- 
cessing of keystrokes (entered at the keyboard) by the 
8089. Up to 6 keystrokes may be saved in the keyboard 
controller and may be processed later. 

KBD_BUF_FULL, when not equal to zero, indicates 
that a new line of keyboard data needs to be processed 
by the 8086. The 8089 sets KBD_BUF_FULL equal to 
-1 when the return key is pressed. The 8086 resets 
KBD_BUF_FULL to zero after it has read this data. 

COM—8086, when not equal to zero, indicates that 
there are ASCII commands in the command buffer 
areas of dual-port RAM that need to be processed by 
the 8089. 

COLOR determines the foreground and background 
colors to be used in connection with ASCII characters 
entered at the keyboard, or sent by the 8086 via the 
command buffer area. In the COLOR byte, bits B0-B2 
determine the background color, while B3-B5 deter- 
mine the foreground color. The following code is used: 


000 

Black 

001 

Red 

010 

Green 

Oil 

Yellow 

100 

Blue 

101 

Magenta 

110 

Cyan 

111 

White 


STR_PTR_8086 is a two-byte quantity that serves as 
an offset address for the ASCII characters in the com- 
mand buffer. 
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BACK_COL_SW determines whether the 8089 color 
control keys will alter the foreground or the back- 
ground portions of the COLOR byte. If BACK- 
_ COL_ SW equals zero, the foreground color is 
altered. If BACK— COL— SW is not equal to zero, the 
background color is altered. 

MON—INH, when not equal to zero, suspends DMA 
transfers by the 8089 from display memory to the 8275s. 
When MON—INH is cleared, DMA will resume. 

DSPLY— PG—PTR determines which of the two display 
pages will be used to refresh the CRT. If DSPLY— - 
PG—PTR equals zero, page 0 will be displayed. If 
D§PLY_ PG_ PTR does not equal zero, page 1 will be 
displayed. 

SCROLL— REQ is set by the 8089 to indicate to the 8086 
that the cursor is at the bottom of the page, and that key 
entry/command processing has been halted, pending a 
display memory scroll operation. When the 8086 has 
perforated this operation, it clears SCROLL— REQ. 

MON-HOM, MON-END, MON-LMARG, and 
MON— RMARG specify, respectively, the upper, lower, 
left, and right boundaries of the region on the screen in 
which keyboard entries will be displayed. 

KBD— BUF— PTR is a two-byte quantity that serves as 
an address for the ASCII characters in the keyboard 
buffer. 

Note that a number of these parameters support op- 
tions (e.g., EEPROM buffer) and are not critical to the 
graphic operation described in this application note. 

8089 Display Hardware Interface 

This section describes the hardware of the peripheral 
processing module (PPM), which includes everything 
between the system bus and the CRT display/keyboard 
unit. The overall organization of the PPM is as shown in 
Figure 21. The dual-port RAM can be accessed from 
either the system bus of the 8089’s local bus. The 8089 is 
said to be operating in the system space when it is 
accessing the dual-port RAM, and in the I/O space 
when it is accessing devices on the I/O bus. Included on 
the I/O bus are four 8275 CRT controllers, an 8279-5 
keyboard controller, two 2732A EPROMs, which are 
used to hold channel programs, and four 2114 static 
RAMs, which are used as scratch-pad RAM for the 
8089. 

As explained above (under OVERVIEW OF CRT 
GRAPHIC SYSTEMS, Performance Requirements ) , 
four bytes are used to specify each character in the 


display. The first byte determines whether the character 
is a text character or a graphic character, and specifies 
the colors for foreground and background. If it is a text 
character, the second byte specifies the character with 
a seven-bit ASCII code, and the remaining two bytes 
are not used. If it is a graphics character, the second, 
third, and fourth bytes contain the color specification 
for each of the twenty distinct picture elements (pixels) 
within the character. Use of the foreground color is 
indicated by a one in the respective bit position, while a 
zero specifies use of the background color. 

The structure of the display characters and the formats 
of the individual bytes are shown in Figures 4 and 5. 

The four 8275 CRT controllers on the 8089’s I/O bus are 
used to process the four bytes comprising each charac- 
ter. Since the 8089 can transfer two bytes at a time in 
DMA mode, the four bytes are transferred in two 
stages. In the first stage, the 8089 fetches the first two 
bytes from the dual-port RAM, and transfers these two 
bytes into the first pair of CRT controllers. In the 
second stage, the 8089 fetches the second two bytes 
from the dual-port RAM, and transfers these two bytes 
into the second pair of CRT controllers. This process is 
repeated 80 times to transfer the 80 characters making 
up each row in the display. 

The distinction between text and graphic characters is 
entirely transparent tp the 8089. Four bytes are trans- 
ferred in every case, even though the text information 
only requires two bytes per character. 

We shall now examine the hardware schematics in 
detail, to see how the various functions of the PPM are 
implemented. Figure 26 shows the 8089 IOP and its 
associated bus controller. At the top left are the inputs 
through which the 8089 is controlled. The DRQF signal 
(detailed later) is the DMA request that initiates the 
transfer of two bytes from the IOP to two of the four 
CRT controllers. DRQF comes from the 8275s via a 
one-shot, and is connected to the DRQ 1 input of the 
8089. 

IRQ is an interrupt request that comes from the 8275s. 
It is activated after an entire screen’s video information 
has been transferred from the dual-port RAM to the 
8275s . IRQ is connected to the EXT 1 input of the 8089. 
It is necessary to program the 8089 to terminate the 
DMA transfer on an external event, in order for this 
signal to be effective. 

CA is the channel attention signal. Upon receipt of CA, 
the 8089 reads the channel control word (CCW) from 
the dual-port RAM. From the CCW, the 8089 deter- 
mines the nature of the operation assigned to it by the 
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Figure 26. 8089 I/O Processor and 8288 Bus Controller 


8086. CA is derived by hardware decoding of an I/O 
write command made by the 8086 to address 00H or 
address 01 H on the Multibus. The lo west-order bit of 
this address is used to specify whether channel 1 or 
channel 2 of the IOP is to be selected, and is connected 
to the 8089’s SEL input. In this application, the DMA 
transfers are always performed by channel 1. 


RDY is the ready signal that comes from the 8202 
dynamic RAM controller, and is synchronized by the 
8284A clock generator. RDY is low whenever the 8086 
is accessing the dual-port RAM. The RDY signal is used 
to establish a master/slave relationship between the 
8086 and the 8089, with the 8086 as the master. As 
mentioned earlier, the 8089 accesses the dual-port 
RAM about 50% of the time during DMA transfers. It 
can be seen, referring to Figure 20, that if no idle clocks 
occur, the IOP will access the dual-port RAM during 
the four clock times of the DMA-fetch bus cycle, and 
will access the I/O bus during the four clock times of the 
DMA-store bus cycle. While the 8089 is doing the store 
operation, the 8086 can access the dual-port RAM. 
Once the 8086 has gained this access, the RDY signal 
will remain low until the 8086 is finished. The 8089 waits 
for RDY to go high before making a subsequent fetch. 


At 5 MHz, the 8089 requires 3.2 microseconds (16 clock 
cycles) to transfer the four bytes representing a graphic 
character from the display memory to the four 8275s, 
assuming that no wait states have been inserted be- 
cause of the 8086’s access to the dual-port RAM, or 
because of dynamic RAM refresh functions. A com- 
plete row, consisting of 80 characters, requires 80 x 3.2 
= 256 microseconds. The time allowed to complete the 
transfer of one row must be less than the time it takes to 
display that row on the screen. This latter time is equal 
to 1/50 of the total screen update time, or 1/3000 of a 
second (333 microseconds). Comparing the two figures 
(256 vs 333), it can be seen that there are 77 microsec- 
onds available for such wait states. It is the responsibil- 
ity of the software designer to control the 8086’s access 
to dual-port RAM in such a mannner that the added 
wait states do not total more than 77 microseconds in 
any span of 333 microseconds. Otherwise, underruns 
may occur and the CRT screen will be blanked. See 
System Performance (below) for further discussion on 
this effect. 

RST is the IOP reset signal, which comes from the 
8284A clock generator. The first CA after RST causes 
the IOP to access address FFFF6 in the dual-port 
RAM, in order to read the system configuration pointer. 
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Outputs from the IOP are the time-multiplexed address and 
data lines, BHE/(bus high enable), status line SO, SI, and S2, 
and the system interrupt request lines, SINTR-1 and SINTR- 

2. The interrupt lines go directly to the MULTIBUS, and 
from there they become inputs to the 8086’s 8259A interrupt 
controller. 

Figure 27 shows the I/O address latches and decoder, 
and the circuitry used to generate the DACK/ signals 
for the CRT controllers. The IOP status bit S2 indicates 
whether the IOP is accessing the I/O space or the sys- 
tem space. Latched by ALE (address latch enable), S2/ 
generates 10 and IO/. IO and 10/ are used to indicate 
that the 8089 is not accessing dual-port RAM. 10/ goes 
to the dual-port RAM controller. 





Figure 27. Address Latches, Decoders, and DACK Generator 


The DACK/ signals are generated in the following 
manner: 

1 . Both 8275 pairs are accessed by the 8089 (DMA 
mode) via port A000H. 

2. Hardware is used to select one pair of CRT con- 
trollers (bytes 0 and 1 or bytes 2 and 3). 

3. As the 8089 reads (DMA) the word from the dual- 
port memory, address bit 1 (SA1) is latched with 
the memory read command (MRDC/). 

4. When SA1 = 0, DACK 1/ is activated. 

5. When SA1 = 1, DACK 2/ is activated. 

6. In this manner the 8089 performs alternating 
writes (DMA) to the 8275 pairs. 
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Figure 28 shows the bus transceivers used between the 
8089 and the I/O bus, and also shows the 2732 
EPROMs. 

Figure 29 shows the 2K bytes of 2114 static RAM on 
the I/O bus, which are used as scratch-pad RAM for 
the 8089. 

Figure 30 shows the 8279-5 keyboard controller, and 
also shows the 8284 A clock generator that produces the 
CLK, RDY, and RST signals for the 8089. For more 
information on interfacing the 8279-5 to the keyboard 
(Cherry Electrical Products B70-05AB), refer to the 
8279/8279-5 data sheet and application note AP-32, CRT 
Terminal Design Using the Intel 8275 and 8279. 


Figure 3 1 shows the clock generator for the character 
timing and dot timing. The character clock frequency (C 
CLK) is 1/8 of the dot clock frequency (D CLK), 10.8 
MHz. Also shown in Figure 31 is a 9602 one-shot used 
to generate the video sync pulses. 

Figure 32 shows the CRT Controllers #0 and # 1 . Bit 6 
of Byte 0 determines whether the display character is 
text or graphic. If Bit 6 is low, the character is a text 
character, and Byte 1 is used to address the 2732A 
character generator ROM. Bytes 2 and 3 are ignored. 
The line count outputs LC0-LC3 of an 8275 (any 8275 
can be used, since they are all synchronized) are also 
applied to the character generator to perform the line 
select function. 



Figure 28. Bus Transceivers and EPROMs on I/O Bus 
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Figure 29. Static RAMs on I/O Bus 
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Figure 30. Keyboard Controller and Clock Generator 
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Figure 31. Character Clock Generator and Video Sync Pulse 
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Figure 32. CRT Controllers, Color Multiplexer, 




CB0-CB6 
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For each character, the foreground and background 
color bits are output from Byte 0 and latched into the 
74LS174, from which they are applied to the input of the 
74LS157 multiplexer. Selection between foreground 
and background is done by the output of the 74LS166 
parallel-to-serial converter, which operates from either 
the text or graphic character generator, as appropriate. 
The roles of foreground and background color may be 
reversed by the RVV (reverse video) signal from the 
8275, which is exclusive-ORed with this color select 
output. 

Since the RBG (red-blue-green) inputs of the color 
monitor (Ay din Controls 8039D) are AC coupled, 
return- to-zero type outputs are needed to pass these 
signals through the input stages. This is provided by 
strobing the gate input of the 74LS157 multiplexer with 
the D CLK (dot clock) signal. By varying the duty cycle 
of the D CLK, the user can produce many different 


shades of color. The D CLK signal is ORed with the VSP 
(video suppress) signal from the 8275, to produce com- 
plete video blanking when desired. 

Figure 33 shows the CRT Controllers #2 and #3, the 
decoder for the line select function, and latches for the 
video control signals. CRT controllers #2 and #3 are 
operational in graphics mode only. Synchronization of 
the two pairs of CRT controllers is discussed in the 8089 
Display Functions Software section. 

Figure 34 shows the tri-state buffers used to handle the 
color information within a graphic character. The 
decoded line count outputs (ROW 0/-ROW 4/) are used 
to select which buffer is enabled onto the bus. The 
buffer A3 6, enabled by the GRAPH MODE signal, is 
used to “double up” the four graphic cells to produce 
eight (horizontal) dot inputs to the shift register (Figure 
32). 


IODO-IOD1S 


aTowc 

IOA1 
CRT2 
DACK2 
GC CLK 


DRQ1 

LC0-LC3 

GRAPH MODE 


C CLK 



Figure 33. CRT Controllers, Line Decoder, and Video Control Signal Latch 
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Figure 34. Tri-State Buffers for Graphic Color Information 
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The block diagram in Figure 35 shows how the text 
characters are processed. The following statements ap- 
ply to Figure 35: 

1. Byte 0, Bit 6 = 0 indicates text mode. 

2. The six color signals from CRT Controller #0 
(three foreground and three background) are 
latched and transmitted to the multiplexer. 

3. The seven character output signals and the three 
line count signals from CRT Controller #1 are 
transmitted to the text character generator. 


4. The eight output signals from the text character 
generator are transmitted to the parallel-to-serial 
converter. 

5. The serial, horizontal dot data is transmitted to. 
the multiplexer and selects foreground (dot data 
bit = 0) or background (dot data bit = 1) color 
signals. 

6. The red, blue, and green color signals are trans- 
mitted to the color monitor. 

7. CRT Controllers #2 and #3 are not operational in 
text mode. 



Figure 35. Processing of Text Characters 
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The block diagram in Figure 36 shows how graphic 
characters are processed. The following statements ap- 
ply to Figure 36: 

1 . Byte 0, Bit 6 = 1 indicates graphic mode. 

2. The six color signals from CRT Controller #0 
(three foreground and three background) are 
latched and transmitted to the multiplexer. 

3. The three line count signals from CRT Controller 
#1 are transmitted to a one-of-eight decoder 
which generates five row select signals (ROW 0- 
ROW 4). 

4. The twenty pixel signals from CRT Controllers 
#1, #2, and #3 are transmitted to three octal 
buffers. 


5. The four pixel signals of the selected row (based 
on the row select signals) are transmitted to an- 
other octal buffer. 

6. The octal buffer converts these four bits to eight 
bits by duplicating each signal. Thus, output bits 0 
and 1 are equal, 2 and 3 are equal, etc. 

7. The eight output signals of the octal buffer are 
transmitted to the parallel-to-serial converter. 

8. The serial, horizontal dot data is transmitted to 
the multiplexer and selects foreground (dot data 
bit = 0) or background (dot data bit = 1) color 
signals. 

9. The red, blue, and green color signals are trans- 
mitted to the color monitor. 



Figure 36. Processing of Graphic Characters 
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Figure 37 shows the circuit used to synchronize the cient. To preclude this, the circuit shown in Figure 37 
8275s, and also the circuit used to generate the DRQF generates a surrogate (early) DRQ signal, DRQF, using 

signal. As mentioned earlier (see Figure 20), if the 8089 a one-shot triggered by the trailing edge of DRQ (DRQ 1 

were to wait for a subsequent DRQ signal from the AND DRQ 2). The one-shot times out prior to the rising 

8275s, some clock cycles would be allocated to idle edge of CLK in T4 of the DMA’s store bus cycle, 

clocks, and the DMA transfer would become less effi- 



Figure 37. Circuits to Synchronize CRT Controllers and Generate DRQF 


3-382 


210355-001 











AP-123 


Figure 38 shows the relationship between the individual 
DRQ signals from the 8275s and the DRQF signal that is 
sent to the 8089. DRQ 1 is the data request representing 
the 8275s #0 and #1, while DRQ 2 similarly represents 
the 8275s #2 and #3. The DACK 1/ and DACK 21 
signals (along with AIOWC/) are used to deactivate 
DRQ 1 and DRQ 2, respectively. 


Figure 39 shows the multiplexer used to control writing 
of data to the dual-port RAM. When IO and SWTC/ are 
both low, the 8089 data is gated to the dual-port RAM. 
When BDSEL/ and SWTC/ are both low, the 8086 data 
is gated to the dual-port RAM. BDSEL/ may be active 
only when the 8089 is in the I/O space. Note that the 
address range for the dual-port RAM is F8000-FFFFF 
as seen by the 8089, and F0000-F7FFF as seen by the 
8086. 


BYTES 0 AND 1 BYTES 2 AND 3 


FETCH 

STORE 

FETCH 

STORE 

T1 | T2 | T3 | T4 

T1 | T2 | T3 | T4 

T1 | T2 | T3 | T4 

T1 | T2 | T3 | T4 


DRQ1 



= LAST TRANSFER 


Figure 38. Derivation of DRQF Signal 
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Figure 39. Multiplexer for Writing to Dual-Port RAM 
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Figure 40 shows the demultiplexer used to control read- 
ing of data from the dual-port RAM. The internal trans- 
fer acknowledge (SACK/) signal from the dynamic 
RAM controller latches this data. If MRDC/ is active, 
the data is then gated to the 8089. If BD ENA/ is active, 
the data is gated to the Multibus for transmission to the 
8086. 


Figure 41 shows the multiplexer for the address inputs 
tOjthe dual-port RAM. If the 10 signal is high, the 
address on the Multibus is gated into the dual-port 
RAM. If 10 is low, the address from the 8089 is gated 
into the dual-port RAM. 



A0/D0-A1 5/DI 5 
8089 BUS 


D0-D1 5 
MULTIBUS 


Figure 40. Demultiplexer for Reading from Dual-Port RAM 
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Figure 41. Multiplexer for Address Inputs to Dual-Port RAM 
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Figure 42 shows the 8202 dynamic RAM controller. The 
inputs SA0-SA19 come from the multiplexer shown in 
Figure 41. The dynamic RAM controller generates the 
control signals (shown at the right of the page) for 
operating the dynamic RAM. 

Figures 43 and 44 show the dynamic RAM itself. 


8089 Display Functions Software 

The 8089 display functions software consists of a single 
program which is executed by the 8089 on a continuous 
basis. This program performs the following functions: 

Initialization for the 8089 itself and for the CRT con- 
trollers and the keyboard controller. 


IK 



Figure 42. Dynamic RAM Controller 
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Figure 44. Dynamic RAM (High Data Byte) 
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The transfer instruction which causes the DMA 
transfer of the CRT refresh data to begin. 

Polling routines for the keyboard and the command 
buffer. 

Figure 45 is a simplified flowchart showing the relation- 
ships among these three main functions. The program 
begins upon receipt of the second CA (channel atten- 
tion) following an IOP reset. After the initialization 
processes have been completed, the program loops 
continuously, alternating between DMA transfer and 
polling processes. There are 48 rows of characters on 
the screen. The polling processes are carried out during 
the vertical retrace time, which is the equivalent of 2 
rows. Thus, it is easy to see that the DMA process uses 
up 96% of the 8089’s time, leaving 4% for the polling 
processes. 


CA 



Figure 45. Channel Program Simplified Flowchart 

As mentioned earlier, the channel program is stored in 
the 2732 A EPROMs on the I/O bus. Figure 23 (above) 
shows the address assignments for devices on the I/O 
bus. The 2732As occupy addresses 2000-3FFF. The 
8089 also uses a scratch-pad static RAM (2K bytes at 


addresses 0000-07FF). The CRT controllers are ac- 
cessed by using addresses 4000 and 6000 on the I/O 
bus. Address 6000 is “CRT Controller 1” and actually 
refers to the first pair of 8275s. Address 4000 is “CRT 
Controller 2,” the second pair of 8275s. Address 8000 is 
a clock enable address. Write commands to this address 
enable or disable the GC clock, which is the character 
clock for the 8275s. Address A000 is decoded to pro- 
duce the DACK signal for the 8275s. Address C000 is 
the address of the keyboard controller. 

The exact manner in which the channel program ex- 
ecutes depends on the flag settings and parameter 
values in the parameter block. 

Appendix A is a flowchart for the complete channel 
program. Appendix B is the corresponding ASM-89 
assembly language listing. In the paragraphs to follow, a 
general overview of the channel program is given. The 
reader may refer to the flowchart and listing if a more 
detailed description is desired. 

The first CA after IOP reset causes the 8089 to fetch the 
system configuration pointer (SCP) and system configu- 
ration block (SCB) from dual-port memory. These 
blocks contain certain very basic system-level informa- 
tion for the 8089, as explained above under Overview of 
the 8089. 

The next CA causes the channel program to begin ex- 
ecution (at the point marked START on the flowchart). 
The initialization portion of the channel program con- 
sists of the following operations: 

Start and initialize the 8275 CRT controllers. 
Initialize the 8279 keyboard controller. 

Initialize the dual-port variables (parameter block). 
Synchronize the 8275 CRT controllers. 

To initialize and synchronize the 8275s, the channel 
program performs the following operations: 

Enable the GC CLK to the 8275s by writing 01H to 
I/O port address 8000H. 

Send the Reset command to the 8275s, followed by 
the four screen format parameters (all commands 
sent to the 8275s are sent first to the pair of 8275s at 
address 6000H and then repeated for the second pair 
of 8275s at address 4000H). 

Send the Preset Counters command to the 8275s. 

Disable the GC CLK by writing 00H to address 
8000H. 

Send the Start Display command to the 8275s. 

Enable the GC CLK again by writing 01H to address 
8000H. The 8275s are now initialized and 
synchronized. 
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After the initializations have been completed, the chan- 
nel program enters its main loop. The 8089 channel 
control register is loaded to specify the following DMA 
conditions: 

Data transfer from memory to I/O port. 

Destination-synchronized transfer. 

GA register pointing to data source. 

Termination on external event. 

Termination offset = 0. 

The source for the DMA transfer (display page 0 or 1) is 
then selected according to the value of DSPLY_- 
PG_PTR (the display page pointer initialized by the 
host CPU) in the parameter block. The CRT character 
clock is then started and the DMA transfer begins. 
When the entire screen has been refreshed, the 8275s 
activate the 8089’s EXT input. 

The 8089 then executes the SINTR instruction, which 
causes an interrupt to be sent to the 8086 (SINTR- 1 line 
on the Multibus), to notify the 8086 that the page trans- 
fer has been completed. The 8089 then reads the CRT 
controller status registers which causes the IRQ signal 
(from the 8275s to the 8089) to be reset. 

The channel program then begins the polling process 
which checks for ASCII commands from the 8086 (in 
the command buffer) and also for key depressions at the 
keyboard. In addition to the alphanumeric characters, 
the channel program recognizes the following control 


characters: 



Character 

Code 

Description 

CNTRL-A 

Q1 

Monitor Inhibit 

CNTRL-B 

02 

Monitor Uninhibit 

CNTRI^C 

03 

EEPROM Inhibit 

CNTRL-D 

04 

EEPROM Uninhibit 

CNTRL-E 

05 

Turn on EEPROM Buffer 

CNTRL-F 

06 

Display Page 0 

CNTRI^G 

07 

Display Page 1 

CNTRL-H 

08 

Backspace 

CNTRL-I 

09 

TAB (Every 8 Characters) 

CNTRI^J 

0A 

Linefeed 

CNTRL-K 

0B 

EEPROM Buffer Off 

CNTRI^L 

OC 

Erase Page 

CNTRI^M 

0D 

Carriage Return 

CNTRL-N 

0E 

Set Background Color 

CNTRLrO 

OF 

Set Foreground Color 

CNTRL-P 

10 

Set Color to Black 

CNTRI^Q 

11 

Set Color to Red 

CNTRI^R 

12 

Set Color to Green 

CNTRL-S 

13 

Set Color to Yellow 

CNTRL-T 

14 

Set Color to Blue 

CNTRI^U 

15 

Set Color to Magenta 

CNTRLrV 

16 

Set Color to Cyan 


CNTRL-W 

17 

Set Color to White 

CNTRL-X 

18 

Abort Line 

CNTRL-Y 

19 

Cursor Right 

CNTRL-Z 

1A 

Cursor Down and Left 

CNTRL/ 

IE 

Cursor Up 

CNTRL-/ 

1C 

Cursor Home 

CNTRL-DEL 

IF 

Recall EEPROM Buffer 


The first four commands listed above are not recog- 
nized if they originate from the physical keyboard, but 
are recognized if they appear as ASCII commands in 
the command buffer (that is, if they come from the 
8086). Refer to the flowchart (Appendix A) for more 
details on how the channel program responds to the 
control characters. 

System Performance 

The 8089 performs DMA transfers on 921,600 bytes of 
display data per second. In addition, the 8089 executes 
a polling routine (described above) during the vertical 
retrace time (the equivalent of two display rows). The 
DMA transfer (for a single frame) takes 16.000 millisec- 
onds. This leaves .667 milliseconds for the polling 
routine to execute, out of a total of 1/60-second CRT 
refresh period. The program listed in Appendix B takes 
about 300 microseconds to execute, approximately half 
the available time. When the polling process is finished, 
the channel program goes back to DMA mode, and 
waits for the first DRQ signal from the 8275s. 

While the polling routine is executing, the 8089 makes 
most of its memory accesses in the I/O space, and the 
dual-port RAM is available to the 8086. When the 8089 
returns to the DMA routine, however, it hangs the 
dual-port RAM while waiting for DRQ. This occurs 
because the fetch from the dual-port RAM deactivates 
the IO signal which locks out the 8086 from the dual- 
port RAM. The IO signal is then not activated until 
DRQ is received and the data is written to the CRT 
controllers. This can adversely affect system through- 
put. Therefore, if it is desired to increase the 8086’s 
access to the dual-port RAM during this period, the 
user should insert NOPs into the channel program so 
that it spends more time in the I/O space before return- 
ing to DMA. 

The 8086 may also access dual-port RAM during the 
DMA transfer. The dual-port RAM is available to the 
8086 on approximately a 50% duty cycle (during the 
store portion of the DMA transfer cycle). The 8089’s 
store cycle is 800 nanoseconds long (assuming a 5 MHz 
clock). The 8086’s access to dual-port RAM (assuming 
an 8 MHz clock) takes 500 nanoseconds. However, 
since the two processors operate asynchronously, the 
8086 may begin its access at any point during the 8089’s 
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DMA store cycle. Since the 8086 is the master relative 
to the dual-port RAM, the ready signal for the 8089’s 
next fetch operation will not be generated until the 8086 
is through. Thus, on occasion, the 8089 will have to 
wait. 

Each row of characters requires 256 microseconds of 
DMA transfer time if no such wait states occur. The 
repetition rate for rows of characters is 333 microsec- 
onds (1/3000 second). Thus, the accumulated wait 
states due to the 8086’s access to dual-port RAM may 
total 77 microseconds before any underrun occurs. The 
8086 programs should be written in such a manner that 
the added wait states do not total 77 microseconds 
during any one period of 333 microseconds. The most 
important single factor in assuring this is to avoid mak- 
ing long burst transfers to or from the dual-port RAM. 
If an underrun does occur, the entire screen will be 
blanked until the beginning of the next frame. 

Aside from the shared access to dual-port RAM, the 
two processors may operate concurrently with no coor- 
dination necessary. Operations performed by the 8086 
(such as numeric processing of display data) may be 
programmed without regard to the oyerhead associated 
with IOP operations. 

Conclusions 

This application note has demonstrated that a high-perfor- 
mance, color-graphic CRT terminal can be conveniently built 
using the Intel 8089 microprocessor system. This system 
utilizes a high-performance 8086 CPU operating at 8 MHz 
and an 8089 I/O processor operating at 5 MHz. 

In particular, the unique abilities of the 8089 lend them- 
selves to the graphic CRT application by enabling a true 
multiprocessing approach to be used. The following fist 
summarizes the capabilities used in this specific design: 


High-speed DMA transfers (up to 1.25 mega- 
bytes/second) without wait states. 

Capabilities of a CPU and a DMA controller in a 
single 40-pin package. 

Support of concurrent operation for the system CPU 
and the I/O processor. Ability to access memory and 
address devices on both a system bus and a separate 
I/O bus. 

Flexible, memory-based communications between 
the I/O processor and the system CPU. 

Capability for 1 -megabyte addressing in the system 
space. 

Capability for 16-bit DMA transfer, with external 
event termination. 

Support of modular, subsystem development effort 
due to the simple software interface (memory-based 
communications, plus channel attention and inter- 
rupt signals) and the simple hardware interface (CA, 
SEL, and SINTR lines). 

The following 8089 capabilities were not used in the 
design described in this note, but may be useful in other 
graphic CRT systems or I/O processing systems: 

Two channels, each of which may execute instruc- 
tions and perform DMA transfers. 

Bit manipulation instructions. 

Support of both 8-bit and 16-bit bus width in the 
, system space and in the I/O space. 

Enhanced DMA capabilities, including: 

Translation (e.g., ASCII to EBCDIC code). 
Termination on masked compare. 

Word assembly/disassembly (8-bit word to/from 16- 
bit word). 

Memory-to-memory or I/O-to-I/O transfer. 
Synchronization on source, destination, or neither. 

( 
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INITIALIZATION AND MAIN LOOP 



START 

AND INITIALIZE 8275 
CRT CONTROLLERS 


INITIALIZE 8279 
KEYBOARD 
CONTROLLER 


INI1 iALIZE STATIC 
RAM AND DUAL-PORT 
VARIABLES 


STOP CLOCK 
TO 8275s AND 
SYNCHRONIZE 
COUNTERS 



USE DISPLAY 
PAGE 0 AS SOURCE 
POINTER AND CRT AS 
DESTINATION 
POINTER 


YES / \ STRING_86 




SET UP CURSOR 
POSITION IN 8275s 


INCREMENT 8086 
COMMAND STRING 
POINTER 



DSPLY — PG — PTR^ 1 
AT PAGE O?^' 


a 2 ) STRINGL-86 


CHANGE DMA 
SOURCE POINTER 
TO DISPLAY PAGE 1 


CLEAR 8086 
COMMAND STRING 
POINTER 


MONITOR 

INHIBITED? 


SAVE 8086 
COMMAND IN 
KEYSTROKE REG 


( r START 8275 \ 
CLOCK AND ENTER 
. 8089 DMA MODE > 


/ 8086 \ 
^COMMAND = OFFHT'p 


r INTERRUPT 8086 , 
FOR FRAME / 


CLEAR 8086 
COMMAND STRING 
POINTER 


READ 8275 
STATUS REGISTERS 


CURSOR-UPDATE 


al I DMA BYPASS 
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KEY AND COMMAND DECODE 


KEYBOARD 

INHIBITED? 


CURSOR-UPDATE 


GET KEY FROM 3279 
AND SAVE IT 


^ EEPROM \ 
. RECALL INDEX? . 


EEPROM 

INHIBITED? 


^EEPROM s s- 

BUFFER 

^POINTER == OV 


SAVE ASCII 
CHARACTER FOR 
EEPROM BUFFER 
RECALL 


CURSOR-UPDATE 


* SAVE FIRST 
CHARACTER AFTER 
CNTL-E IN BUFFER 
FOR USE AS 
8086 INDEX 


CONTROL 
.CHARACTER? . 


a6 J CHAR-OUT 


8086 COMMAND?^ 


I 

CNTRL-A 
I CNTRL-B 
| CNTRL-C 
^YES CNTRL-D 


CURSOR-UPDATE 



CURSOR-UPDATE 


CNTRL-F 

06H 


CNTRL-G 

07H 


CNTRL-M 

0DH 

CHAR-CR 

CNTRL-H 

OSH 

BACK-SPACE 

CNTRL-P to CNTRL 



W 

10H-17H 

COLOR-KEY 

CNTRL-N 

OEH 

CNTRL.N 

CNTRL-0 

0FH 

CNTRL-0 

CNTRL-E 

05H 

CNTRL-E 

CNTRL-K 

0BH 

CNTRL-K 

CNTRL-DEL 

1FH 

EEP— DUMP 

CNTRL-2 

OSH 

CURSOR-TAB 

CNTRL-L 

0CH 

ERASE-PAGE 

CNTRL-X 

18H 

CNTRLX 

CNTL-\ 

1CH 

CURSOR-HOME 

CNTL-A 

1EH 

UP-CURSOR 

CNTRL-J 

0AH 

DWN-CURSOR 

CNTRL-V 

19H 

RIGHT-CURSOR 

CNTRL-Z 

1AH 

BACK-DOWN 
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CONTROL KEY OPERATIONS 


SET DUAL-PORT 

DSPLY PQ_PTR TO 

PAGE 0 FOR DMA 


^ EEPROM \ YES 
BUFFER FULL? > * 


CURSOR-UPDATE 


CLEAR EEPROM 
BUFFER PTR 
AND UNINHIBIT 
EEPROM OPERATION 


I* «4 I CURSOR-UPDATE 


SET DUAL-PORT 
DSPLY — PG — PTR TO 
PAGE 1 FOR DMA 


CURSOR-UPDATE 


CURSOR-UPDATE 


COLOR^S 
CHANGES 
.INHIBITED? ' 


SET THE 

BACK — COL SW 

SO THAT COLOR 
KEYS CHANGE 
BACKGROUND 



“4 j CURSOR-UPDATE 


^COLOR^s, 

CHANGES 
_ INHIBITED? . 


SET THE 
BACK — COL — SW 
VARIABLE TO 
FOREGROUND 
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APPENDIX A/AP-123 


CONTROL KEY OPERATIONS 


/ OUTPUT \ 

(character to duaiN 

CHAR — TO — MON \ RAM DISPLAY / 


f PLACE CHARACTER \ EEP BUF UPDATE 
V IN EEPROM / 


7 PASS CHARACTER\ KEY BUF UPDATE 
TO 8086 IN \ 


\CHARACTER TO 8086 > 


KEY-BUF-UPDATE 


PLACE 
CHARACTER 
IN EEPROM 
BUFFER 


EEP-BUF-UPDATE 


^IS COLORS 
CHANGE 

wINHIBITEDV 


, CURSOR-UPDATE 


BACKGROUND^ 

COLOR 

s. SELECTED?^ 



STRIP P-»W TO A 
COLOR FROM 0-7 


UPDATE 
FOREGROUND 
SECTION OF 
COLOR BYTE 
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CONTROL KEY OPERATIONS 
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CONTROL KEY OPERATIONS 


EEP_BUF_UPDATE 


^x^characterX.yes 
^COUNTER AT LEFT^ - * 

^VJMARGINV^ 


SAVE CHARACTER \ K EY_BUF_UPDATE 
, FOR 8086 / 


DECREMENT 

CHARACTER 

COUNTER 


KEYBOARD^nYES 

BUFFER FULL?^ * 


-^KEYBOARDV. YES 
BUFFER > — » 

^POINTER = 


CURSOR-UPDATE 


DECREMENT 
KEYBOARD BUFFER 
POINTER 


«8 ) EEP— UP—EXIT 
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SUPPORT SUBROUTINES 
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APPENDIX B/AP-123 


8089 MACRO ASSEMBLER 


ISIS-II 8089 MACRO ASSEMBLER X202 ASSEMBLY OF MODULE N89 
OBJECT MODULE PLACED IN :F1:N89. OBJ 
ASSEMBLER INVOKED BY: : F2: ASM89 : FI : N89. SRC 


1 

2 

r* 


8089 

DUMB TERMINAL PROGRAM 


o 

4 


B. K. 

NELSON 




6 


STARTED: 4/30/80 



7 

Q 


LAST 

CHANGE: 

8/12/80 



Q 

9 


THIS 

PROGRAM 

INITIALIZES FOUR 8275 CRT CONTROLLERS AND A 

10 


8279 

KEYBOARD CONTROLLER. 

ASCII INFORMATION FLOW MAY FOLLOW 

11 


THESE PATHS: 




12 




KEYBOARD 

TO 

0086 COMMAND INTERPRETER 

13 




KEYBOARD 

TO 

8086 EEPROM ROUTINE 

14 




KEYBOARD 

TO 

MONITOR 

15 




8086 

TO 

MONITOR 

16 




EEPROM 

TO 

8086 COMMAND INTERPRETER 

17 




EEPROM 

TO 

8086 EEPROM ROUTINE 

18 




EEPROM 

TO 

MONITOR 

19 







20 


COMMAND CODES ARE: 



21 

K 

E 





22 

- 

- 


CNTRL-A 


MONITOR INHIBIT 

23 

- 

- 


CNTRL-B 


MONITOR UNINHIBIT 

24 

- 

- 


CNTRL-C 


EEPROM INHIBIT 

25 

- 

- 


CNTRLHD 


EEPROM UNINHIBIT 

26 

- 

- 


CNTRL-E 


TURN ON EEPROM BUFFER 

27 

- 

- 


CNTRL-F 


DISPLAY PAGE 0 SELECTED 

28 

- 

- 


CNTRL-G 


DISPLAY PAGE 1 SELECTED 

29 

0 

X 


CNTRL-H 


BACKSPACE (CURSOR LEFT) 

30 

X 

X 


CNTRL-I 


TAB (EVERY 8 CHARACTERS) 

31 

X 

X 


CNTRL-J 


LINEFEED (CURSOR DOWN) 

32 

X 

- 


CNTRL-K 


TURN EEPROM BUFFER OFF 

33 

X 

X 


CNTRL-L 


ERASE PAGE 

34 

X 

X 


CNTRL-M 


CARRIAGE RETURN 

35 

X 

X 


CNTRL-N 


TURN OFF BACKGROUND/ FOREGROUND* 

36 

X 

X 


CNTRL-Q 


TURN ON BACKGROUND/FOREGROUND* 

37 

X 

X 


CNTRL-P 


SET COLOR TO BLACK 

38 

X 

X 


CNTRL-Q 


SET COLOR TO RED 

39 

X 

X 


CNTRL-R 


GREEN 

40 

X 

X 


CNTRL-S 


YELLOW 

41 ; X 

X 


CNTRL-T 


BLUE 

42 

X 

X 


CNTRL-U 


MAGENTA 

43 

X 

X 


CNTRL-V 


CYAN 

44 

X 

X 


CNTRL-W 


WHITE 

45 

0 

X 


CNTRL-X 


ABORT LINE 

46 

X 

X 


CNTRL-Y 


MOVE CURSOR RIGHT 

47 

X 

X 


CNTRL-Z 


MOVE CURSOR DOWN AND LEFT 

48 

X 

X 


CNTRL— 


MOVE CURSOR UP 

49 

X 

X 


CNTRL-X 


HOME CURSOR 

50 

- 

- 


CNTRL-DEL 


RECALL EEPROM BUFFER 


51 i 
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LINE SOURCE 

52 ; 

53 ; THE TWO COLUMNS ASSOCIATED WITH EACH CONTROL KEY REPRESENT TH/ 

~E 

54 ; APPROPRIATE KEYBOARD AND EEPROM BUFFER ACTION CONNECTED WITH / 

-THAT 

55 ; KEY. 

56 ) - KEYSTROKE NOT STORED IN BUFFER 

57 i X KEYSTROKE STORED IN BUFFER 

58 ; 0 OPERATION PERFORMED ON BUFFER 

59 ; 

60 i A CHARACTER IS STORED IN THE EEPROM BUFFER ONLY IF THE OPERAT/ 

-ION 

61 i WAS PERFORMED ON THE MONITOR. 

62 DUMBTERM SEGMENT 

63 ; 

64 ; 8275 REGISTERS 

65 i 


66 CRT_REGS . 

STRUC 


67 

CRTJ=»ARAM: 

DW 

1 

68 

CRT COM_STAT: 

DW 

1 

69 CRT_REGS 

ENDS 


70 




71 

8279 REGISTERS 


72 




73 KYBD_REGS 

STRUC 


74 

KBDJDATA: 

DW 

1 

75 

KBD_COM STAT: 

DW 

1 

76 KYBD REGS 

ENDS 


77 




78 

8086/8089 COMMON FLAGS 

79 




80 DPJRAM_FLAGS 

STRUC 


81 

TP_LSW: 

DW 

1 

82 

TP_MSD: 

DW 

1 

83 

EEPJtNH: 

DB 

1 

84 

EEP JB UF_FULL : 

DB 

1 

85 

EEP_RECALL: 

DB 

1 

86 

COL CH INH: 

DB 

1 

87 

KBDJtNH: 

DB 

1 

88 

KBDJBUF^FULL: 

DB 

1 

89 




90 




91 

C0M_8086: 

DB 

1 

92 

COLOR: 

DB 

1 

93 

STRJ=>TR_8086: 

DW 

1 

94 

BACK_COL_SW: 

DB 

1 

95 

MON INH: 

DB 

1 

96 

DSPLY_PG_PTR: 

DB 

1 

97 

SCROLL REG: 

DB 

1 

98 

NEW_CHAR_FLAG 


DB 

99 

NEW_CHAR: 


DB 

100 




101 

; 


* 

102 

MONJHOM: 

DW 

1 

103 

MONJEND: 

DW 

1 

104 

MON_LMARG: 

DW 

1 

105 

MON RMARG: 

DW 

1 
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L I NE 

SOURCE 



106 

KBDJBUFJPTR 

DU 

1 

107 

E2_M0N_INH 

DB 

1 

108 




109 

DP RAM ..FLAGS 

ENDS 


t 10 




1 1 1 

, DISPLAY CHARACTER 

STRUCTURE 

112 




1 13 

CHAR JDEF 

STRUC 


114 

COLOR J10DE. 

DB 

1 

115 

ASCII_GRAPH1. 

DB 

1 

116 

GR AP H__2 AND3 . 

DB 

1 

117 

GR APH___4AND5 

DB 

1 

118 

CHARJDEF 

ENDS 


119 

i 



120 

i PRIVATE 8089 

FLAGS 


121 

j 



122 

STATJRAM^FLAGS 

STRUC 


123 

STACK: 

DW 

1 

124 

STACK J1SD. 

DW 

1 

125 


DW 

1 

126 


DW 

1 

127 

EEPJBUF_PTR: 

DW 

1 

128 

; 



129 

/ 



130 

LINE_CNT: 

DW 

1 

131 

CHAR_CNT: 

DW 

1 

132 

; 



133 

i 



134 

ABC 1 1 : 

DB 

1 

135 

A5CII_TEMP: 

DB 

1 

136 

CURSORJCL: 

DB 

1 

137 

CURS0R_X2: 

DB 

1 

138 

CURS0R_Y1. 

DB 

1 

139 

CURS0R_Y2: 

DB 

1 

140 

} 



141 

i 



142 

LINE_TEMP: 

DW 

1 

143 

CHARJTEMP: 

DW 

1 

144 

PAGE_INDEX: 

DW 

1 

145 

STAT_RAMJ r LAGS 

ENDS 


146 

; 



147 

i ADDRESS EQUATES 


148 

i 



149 

STAT RAM 

EQU 

OOOOOH 

150 

CRT 1 

EQU 

06000H 

151 

CRT2 

EQU 

04000H 

152 

CLKJEN 

EQU 

08000H 

153 

CR TJDATA 

EQU 

OAOOOH 

154 

KYBD 

EQU 

OCOOOH 

155 

i 



156 

i 



157 

DSPLY_PAGEO 

EQU 

0F8000H 

158 

DSPLY_PAGE1 

EQU 

OFCOOOH 

159 

COMJBUF 

EQU 

OFBDOOH 

160 

EEPJBUF 

EQU 

OFBEOOH 

161 

KEYJBUF 

EQU 

OFBFOOH 

162 

DP PB 

EQU 

OFFFOOH 
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LINE 

SOURCE 


163 

/ 



164 

; 

DATA/COMMAND EQUATES 

163 

9 



166 

EOF 


EQU OFFH 

167 

CRT 

_RS7 

EQU OOOH 

168 

CRT 

_PARAM1 

EQU 04F4FH 

169 

CRT 

__PARAM2 

EQU 06F6FH 

170 

CRT 

_PARAM3 

EQU 04444H 

171 

CRT 

_PARAM4 

EQU 00606H 

172 

CRT 

^CURSOR 

EQU 08080H 

173 

CRT 

_CNTR 

EQU OEOEOH 

174 

STARTED ISP 

EQU 02020H 

175 

END 

JDISP^PG 

EQU 15360 

176 

KBD 

_STR_SET 

EQU 006H 

177 

KBD 

_PRG_CLK 

EQU 034H 

178 

KBD 

__FIFO RD 

EQU 050H 

179 


180 


INITI ALI ZATION **#*******#**#•*•**•#•** 

181 


182 

; 



183 

i 

TURN ON THE 

CRT CHARACTER CLOCK AND RESET THE 

184 

■, 

CRT CONTROLLERS 

185 

} 



186 

START: 


187 


MOV I 

GB, CLKJEN 

188 


MOV I 

CGB 3 , 00 1H 

189 


MOV I 

GB, CRT1 

190 


MOV I 

GC, CRT2 

191 


MOV I 

CGC 3. CRT_COM_STAT, CRTJRST 

192 


MOV I 

CGB 3. CRT_COM_STAT, CRT . RST 

193 

i 



194 

J 

SUPPLY THE 

FOUR PARAMETER BYTES THAT SPECIFY 

195 

i 

80X48 CHARACTERS, TRANSPARENT ATTRIBUTES, AND 

196 

} 

A BLINKING 

UNDERLINE CURSOR 

197 

t 

* 


198 


Movr 

CGB 3, CRT_PARAM1 \ 

199 


MOV I 

CGB 3, CRT_PARAM2 

200 


MOV I 

CGB 3, CRT_PARAM3 

201 


MOV I 

CGB 3, CRT_PARAM4 

202 


MOV I 

CGC3, CRT_PARAM1 

203 


MOV I 

C GC 3 , CRT PARAM2 

204 


MOV I 

CGC 3 , CRT PARAM3 

205 


MOV I 

CGC 3 , CRTJ=>ARAM4 

206 

i 



207 

t 

SET CURSOR 

TO UPPER LEFT CORNER OF MONITOR 

208 

i 



209 


MOV I 

CGC 3. CRT_COM_STAT, CRT_CURSOR 

210 


MOV I 

CGC 3, OOOH 

211 


MOV I 

CGC 3, OOOH 

212 


MOV I 

CGB 3. CRT_COM_STAT, CRT_CURSOR 

213 


MOV I 

CGB 3, OOOH 

214 


MOV I 

CGB 3, OOOH 

215 

i 



216 

i 

SYNCHRONIZE 

8275 CLUSTER BY RESETTING COUNTERS 

217 

i 



218 


MOV I 

CGC3. CRT COM STAT, CRT.J3NTR 

219 


MOV I 

CGB 3. CRT COM STAT, CRT CNTR 
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LINE SOURCE 



220 


MOV I 

GCi STATER AM 

221 


MOVB I 

C GC 3 . CURSOR_X 1 , 00 OH 

222 


MOVB I 

EGC3. CURS0R_X2, OOOH 

223 


MOVB I 

LOCI. CURS0R._Y1, OOOH 

224 


MOVB I 

CGC 3. CURSOR _Y2, OOOH 

225 




226 

INITIALIZE 

3279 KEYBOARD CONTROLLER 

22 7 




228 


MOV I 

GB/ KYBD 

229 


MOV I 

CGB 3 . KBD_C0M_J3TAT , KBD J3TR SET 

230 


MOV I 

CGB3.KBD COM STAT, KBD._PRG CLK 

231 


MOV I 

CGB 3 . KBD_COM_STAT, KBD_FIFO RD 

232 




233 

INITIALIZE 

8089 FLAGS 

234 




235 


MOV I 

GC, STAT_RAM 

236 


LPDI 

GA, DP_PB 

237 


MOV I 

CGC 3 . LINE_CNT, OOOH 

238 


MOV I 

CGC 3 . CHAR_CNT, OOOH 

239 




240 




241 


MOVB I 

CGA3. EEP_INH, OFFH 

242 


MOVB I 

CGA3. EEP_BUF_FULL, OOH 

243 


MOVB I 

CGA3 . EEP_RECALL, OOH 

244 


MOVB I 

CGA3 . KBD_INH, OOH 

245 


MOVB I 

CGA3 . KBDJBUF^FULL, OOH 

246 


MOVB I 

EGA 3. C0M_8086, OOH 

247 


MOVB I 

EGA 3. COLOR, 038H 

248 


MOVB I 

EGA3. BACK COL SW, OOH 

249 


MOVB I 

EGA3 . COL_CH_INH, OOH 

250 


MOVB I 

EGA3 . SCROLL_REG, OOH 

251 


MOVB I 

EGA 3. DSPLY_PG_PTR, OOH 

252 


MOVB I 

EGA 3. MON_INH, OOH 

253 


MOVB I 

EGA3 . E2_M0N_INH, 0 

254 


MOV I 

EGA 3. MONJHOM, OOH 

255 


MOV I 

EGA 3. MON JEND, 048 

256 


MOV I 

EGA 3. MONJRMARG, 080 

257 


MOV I 

EGA 3. MON_LMARG, OOH 

258 . 




259 . 

INITIALIZE 

8089 POINTER 

260 . 




261 


MOV I 

EGC 3 . EEPJBUFJ=>TR, OOH 

262 


MOV I 

EGA 3. STRJ=>TR_8086, OOH 

263 


MOV I 

EGA 3. KBDJBUFJ=>TR, OOOH 

264 


265 

•***•»••«•***#•«••* 

EXECUTIVE ************************** 

266 


267 




268 

DMA 

SET-UP 


269 




270 

LOAD 

CHANNEL CONTROL REGISTER TO SPECIFY: 

271 



MEMORY TO PORT 

272 



SYNCHRO ON DEST 

273 



GA POINTS TO SOURCE 

274 



TERMINATE ON EXT 

275 



TERMINATION OFFSETS 

276 
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LINE 

277 

278 

279 

280 
281 
282 

283 

284 

285 

286 

287 

288 

289 

290 

291 

292 

293 

294 

295 

296 

297 

298 

299 

300 

301 

302 

303 

304 

305 

306 

307 

308 

309 

310 

311 

312 

313 

314 

315 

316 

317 

318 

319 

320 

321 

322 

323 

324 

325 

326 

327 

328 

329 

330 

331 


SOURCE 


MOVI 

GC, CLKJEN 

MOVI 

CGC 3, OOH 

MOVI 

GC, CRT 1 

MOVI 

T GC 3 CRT COM 

MOVI 

GC, CRT2 

MOVI 

CGC 3. CRT_COM 

MOVI 

CC, 05120H 


i INHIBIT CHAR CLOCK 
; ON 8275 TO SYNCHRONIZE 

STAT, START D ISP 

ST AT , START. DISP 


; SETUP DESTINATION AND THEN 
; SOURCE ACCORDING TO DISPLAY PAGE 
; POINTER 
} 

NOVI GB,CRTJDATA 

LPDI GA, DSPLY_PAGEO 

LPDI GC,DP_PB 

JZB CGC 3 . DSPLY_PO_PTRi SOURCE. JOK 

LPDI GA, DSPLY._PAGE1 

S0URCEJ3K: 

JNZB CGC3. MON„INH, DMA BYPASS ; IF THE MONITOR IS INHIB/ 

-ITED 


; BYPASS THE DMA 

JNZB CGC 3 . E2J'10N_INH, DMA_BYPASS_1 

MOV I GC, CLKJEN 

^ g 

START CRT CHARACTER CLOCK AND BEGIN DMA 


XFER 

MOVI CGC3,01H 
SINTR 


; SIGNAL THE 8086 THAT END OF FRAME HAS OCCURED AND THE UPDATIN/ 
' ~G OF THE 

i INTERRUPT DRIVEN SECONDS COUNTER MAY BEGIN 


READ CRT STATUS REGISTERS IN ORDER TO RESET IRQ 


MOVI 

MOV 

MOVI 

MOV 

JMP 

DMA_JBYPASS_1 : 
MOVI 

E2J4AITJJ30P: 

MOVI 

E2_I NNER__LOOP : 
DEC 
JNZ 
DEC 
JNZ 

DMAJBYPASS: 


GC, CRT1 

GA, CGC 3 . CRT_COM_STAT 
GC, CRT2 

GB, CGC 3 . CRT__COM.__STAT 
DMAJBYPASS 

GC, 120 
GB, 300 
GB 

GB, E2__INNER _LQGP 
GC 

GC, E2J4AITJL.OOP 


CHECK FOR STRING FROM 8086 
IT HAS PRIORITY OVER KEYBOARD 
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LINE 

SOURCE 



332 

i 



333 

LPDI 

GC,DP_PB 


334 

JN ZB 

CGC 3. C0M_8G86, STRING^ 

86 

335 




336 

; CHECK 8279 

KYBD STATUS 


337 




338 

MOVI 

GB, KYBD 


339 

MOVB 

GA, CGB 3 . KB D__C OM_ST AT 


340 

ANDI 

GA, OFH 


341 

LJNZ 

GA, READJ4YBD ; KEY 

DOWN 

342 

i 



343 

i UPDATE THE 

CURSOR POSITION 


344 

i 



345 

C UR SOR _UP DATE : 



346 

LPDI 

GC, DPJ°B 


347 

; 



348 

; CHECK FOR 86 COMMAND CHARACTER MODE AND PROCESS 

349 

; THE NEXT BYTE 


350 

JZB 

CGC I. C0M_8086, COM_STR 

JSYPASS 

351 

INC 

CGC 3. STR_PTR_8086 


352 

JMP 

GET_COM 


353 

COM_STRJBYPASS 



354 

MOVI 

GB, CRT1 


355 

MOVI 

GC, STAT_RAM 

’ 

356 

MOVI 

CGB 3. CRT_COM_STAT, CRT 

CURSOR 

357 

MOVB 

GA, CGC 3. CHAR_CNT 

; SET UP FOR X POSITION 

358 

MOVB 

CGC 3. CUR SOR _X 1 , GA 

i CURSOR OUTPUT 

359 

MOVB 

CGC 3. CURS0R_JC2, GA 

i BY DOUBLING UP 

360 

MOVB 

GA, CGC 3. LINE_CNT 


361 

MOVB 

CGC 3. CURS0R_Y1, GA 

i SAME FOR Y POSITION 

362 

MOVB 

CGC 3. CURS0R_Y2, GA 


363 

MOV 

CGB 3 , CGC 3. CURSOR^Xl 


364 

MOV 

CGB 3, CGC 3. CUR SOR _Y 1 


365 

MOVI 

GB, CRT2 

; DO IT FOR ALL 

366 

MOVI 

CGB 3 . CRT_COM_STAT, CRT 

CURSOR 

367 

MOV 

CGB 3, CGC 3. CURSORS 1 

; CONTROLLERS 

368 

MOV 

CGB 3 , CGC3. CURSOR J/l 


369 

INTR_86: 



370 

JMP 

DMA_LP 


371 

STRING 86: 



372 

MOVI 

CGC 3. STRJ=>TR_8086, OOH 


373 

GET_COM: 



374 

MOV 

IX, CGC 3. STR_PTR 8086 


375 

LPDI 

GB, COMJBUF 


376 

i 



377 

t GET NEXT COMMAND CHARACTER FROM THE 8086 

378 

i AND SAVE IT 

AS A KEYSTROKE 


379 

i 



380 

MOVB 

GA, CGB+IX3 


381 

LPDI 

GC, COMJBUF i***TEST CODE**** 

382 

MOVB 

GA, CGB + 1X3 i *** 


383 

LPDI 

GC, DP J=>B ; *** 


384 

MOVI 

GB, STATJ3AM 


385 

MOVB 

CGB 3. ASCII, GA 


386 

i 



387 

i CHECK FOR END OF COMMAND STRING 


388 

i 
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LINE SOURCE 

389 MOV I MC, OFFFFH 

390 JMCNE CGB3. ASCII, C0MJ3NT 

391 ; 

392 ; END OF COMMAND STRING-RESET COMMAND FLAG 

393 ; 

394 MOVBI C GC 3. C0M_8086, OOH 

395 JMP CURSOR UPDATE 

396 READJ4YBD: 

397 ; 

398 ; TEMPORARY GET CHAR ROUTINE 

399 ; 

400 JNZB CGC 3 . KBD_INH, CURSOR, UPDATE 

401 JNZB CGC3.KBD BUF^FULL, CURSOR_UPDATE 

402 i 

403 i IF THE KEYBOARD IS INHIBITED OR THE BUFFER FULL/ 

404 ; DONT READ THE 8279 

405 ; 

406 MOVB GA, CGB 3 . KBD_DATA 

407 NOT GA 

408 AND I GA, 007FH 

409 MOVB CGC 3. NEW_CHAR, GA 

410 MOVBI CGC 3. NEW__CHAR FLAG, 1 

411 MOVI GB,STAT_RAM 

4 1 2 MOVB' C GB 3 . ASC 1 1 , GA ; SAVE KEYSTROKE 

413 COM_CNT: 

414 LPDI GB,DPJ=>B 

415 MOVI GC,STAT_RAM 

416 i 

417 ; CHECK FOR FIRST CHARACTER AFTER CNTRLHDEL, THIS CHARACTER WILL 

418 ; BE PLACED IN EEPJRECALL AND USED FOR SELECTING WHICH EEP BUFF/ 

-ER 

419 i IS TO BE RECALLED 

420 ; 

421 MOVB GA, CGB 3. EEP_RECALL i IF MSB OF EEPJRECALL IS/ 

- SET 

422 AND I GA, 007FH ; USE PRESENT ASCII CHARA/ 

-CTER 

423 JZ GA, NOJRECALL i AS INDEX FOR EEPROM REC/ 

-ALL 

424 MOVB GA, CGC 3. ASCII 

425 MOVB CGB 3. EEP_RECALL, GA 

426 JMP CURSORJJPDATE 

427 NO__RECALL: 

428 ; 

429 i CHECK FOR FIRST CHARACTER AFTER CNTRL E 

430 ; THIS CHARACTER WILL BE PLACED IN THE 

431 i EEPROM BUFFER AND NOT PROCESSED 

432 i 

433 JNZB CGB 3. EEP^INH, EEP BYPASS 

434 JNZ CGC3. / EEP_BUF_PTR, EEP JBYPASS 

435 ; 

436 ; INSERT ASCII CHARACTER 

437 ; 

438 MOV IX, CGC 3. EEPJBUF PTR 

439 MOVB GA, CGC3. ASCII 

440 LPDI GB, EEPJBUF 

441 MOVB CGB + I X 3 , GA 
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LINE SOURCE 


442 

INC 

CGC 3 . EEPJBUFJ=>TR 

443 

JMP 

CURSQR__UPDATE 

444 EEP_BYPASS: 


445 



446 

CHECK FOR NON CONTROL CHARACTER 

447 



448 

MOV I 

MC, 06000H 

449 

L JMCNE 

CGC 3. ASCII, CHAR _OUT 

450 



451 


452 

*******#•*#•*■*•*•*•* CONTROL KEY DECODE ***#********#*•*•*■»••&•«••«•*•* 

453 


454 



455 

LOOK FOR 8086 COMMAND STRING SO CERTAIN 

456 

COMMANDS WILL NOT BE AVAILABLE FROM 

457 

KEYBOARD 


458 



459 

JZB 

CGB 3 . C0M_8086, NOT _CNTRLG 

460 



461 

CHECK FOR MONITOR INHIBIT 

462 

(CNTRL- 

-A) 

463 

; 


464 

MOV I 

MC, 07F01H 

465 

JMCNE 

CGC 3. ASCII, NOT_CNTRLA 

466 

MOVBI 

CGB 3. MON_INH, OFFH 

467 

JMP 

CURSOR_UPDATE 

468 NOT_CNTRLA: 


469 

' 


470 

CHECK FOR MONITOR UN INHIBIT 

471 

( CNTRL- 

-B> 

472 



473 

MOVI 

MC, 07F02H 

474 

JMCNE 

CGC 3. ASCII, NOT„CNTRLB 

475 

MOVBI 

CGB 3. MON_INH, OOH 

476 

JMP 

CURSORJJPDATE 

477 NOT_CNTRLB: 


478 NQT_CNTRLC : 


479 NOTJ3NTRLD: 


480 



481 

CHECK FOR SET DISPLAY PAGE 0 

482 

( CNTRL- 

-F ) 

483 



484 

MOVI 

MC, 07F06H 

485 

JMCNE 

CGC 3. ASCII, NOT CNTRLF 

486 

MOVBI 

CGB3.DSPLY PG PTR, OOH 

487 

JMP 

CURSOR UPDATE 

488 NOT__CNTRLF: 


489 



490 

CHECK FOR SET DISPLAY PAGE 1 

491 

( CNTRL* 

-G ) 

492 



493 

MOV I 

MC, 07F07H 

494 

JMCNE 

CGC 3. ASCII, NOT .CNTRLG 

495 

MOVBI 

CGB 3. DSPLY_PG_PTR, OFFH 

496 

JMP 

CURSOR ^UPDATE 

497 N0TJ3NTRLG: 


498 
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LINE SOURCE 

499 , THE FOLLOWING CONTROL COMMANDS ARE 

500 ; AVAILABLE THROUGH THE 8089 KEYBOARD 

501 ; 

502 ; 

503 ; LOOK FOR CARRIAGE RETURN 

504 i 

505 MOV I MC, 07F0DH 

506 LJMCE tGC3. ASCII, CHAR CR 

507 i 

508 ; LOOK FOR BACKSPACE 

509 ; 

510 MOVI MC, 07F08H 

511 LJMCE CGC 3. ASCII, BACK-SPACE 

512 ; 

513 i LOOK FOR COLOR CONTROL KEYS 

514 i CNTRL-P THRU CNTRL-W 

515 ; 

516 MOVI MC, 07810H 

5 1 7 LJMCE t GC 3 . ASC 1 1 , COLOR J4EY 

518 ; 

519 ; CHECK FOR SET BACKGROUND COLOR FLAG 

520 ; ( CNTRL-N ) 

521 i 

522 MOVI MC, 07F0EH 

523 LJMCE CGC3. ASCII, CNTRL_N 

524 i 

525 i CHECK FOR SET FOREGROUND COLOR 

526 i (CNTRL-O) 

527 MOVI MC, 07F0FH 

528 LJMCE CGC3. ASCII, CNTRLJD 

529 ; 

530 * 

531 i 

532/ i CHECK FOR EEPROM BUFFER RECALL 

533 ; ( CNTRLHDEL ) 

534 MOVI MC, 07F1FH 

535 LJMCE C GC 3 . ASC 1 1 , EEP JDUMP 

536 i 

537 i LOOK FOR TAB 

538 i < CNTRL-I ) 

539 i 

540 , MOVI MC, 07F09H 

541 • LJMCE CGC 3. ASCII, CURSOR TAB 

542 i 

543 ; LOOK FOR ERASE PAGE 

544 i (CNTRL-L) 

545 ; 

546 MOVI MC, 07F0CH 

547 LJMCE C GC 3 . ASC 1 1 , ER ASE_P AGE 

548 i 

549 i LOOK FOR CANCEL LINE 

550 i ( CNTRL-X ) 

551 i 

552 MOVI MC, 07F18H 

553 LJMCE C GC 3 . ASC 1 1 , CNTRL_X 

554 ; 

555 i LOOK FOR HOME THE CURSOR 
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LINE SOURCE 


556 

557 

558 

559 

560 

561 

562 

563 

564 

565 

566 

567 

568 

569 

570 

571 

572 

573 

574 

575 

576 

577 

578 

579 

580 

581 

582 

583 

584 

585 

586 

587 

588 

589 

590 

591 

592 

593 

594 

595 

596 

597 

598 

599 

600 
601 
602 

603 

604 

605 

606 

607 

608 

609 

610 
611 
612 


(CNTRL \> 


MOV I MC* 07F1CH 

LJMCE CGC 3. ASCII, CURSOR. HOME 


; LOOK FOR UP CURSOR 

# (CNTRL "> 

MOV I MC# 07F1EH 

LJMCE CGC 3 ASCI I# UP_CURSOR 

# LOOK FOR DOWN CURSOR 

; (CNTRL J) 

MOV I MC i 07F0AH 

LJMCE CGC 3 . ASCII# DWN. CURSOR 

# * LOOK FOR RIGHT CURSOR 

; ( CNTRL -Y ) 

MOV I MC# 07F 19H 

LJMCE CGC 3 . ASCII# RIGHT_CURSOR 

# LOOK FOR DOWN AND LEFT CURSOR 

; ( CNTRL-Z ) 

MOV I MC# 07F1AH 

LJMCE CGC 3 . ASCI I# BACKJDOWN 


; ALL OTHER KEY INPUTS ARE IGNORED 
# 

JMP CURSOR JJPD ATE 

; ************************************************** 
i ************* h- CONTROL SEGMENTS ***************** 
# ************************************************** 


# SET THE COLOR BACKGROUND/FOREGROUND* FLAG TO 

# BACKGROUND (0) 

CNTRL JM: 

MOVI GB# STATJMM 

LPDI GC# DP J=>B 

# CHECK FOR MONITOR OR COLOR CHANGE INHIBITED 

JNZB CGC 3. COL_CH_INH# KEEPJBF 

MOVBI CGC 3. BACK_COL SW# OOH 

KEEPJBF: 

LJMP KEY JEEP JEX IT 

# 

# SET THE COLOR BACKGROUND/FOREGROUND* FLAG 

# TO FOREGROUND 

# 

CNTRL JD: 

MOVI GB#STAT_RAM 

LPDI GC# DP J=>B 


3-411 


210355-001 




APPENDIX B/AP-123 


LINE 

613 

614 

615 

616 

617 

618 

619 

620 
621 
622 

623 

624 

625 

626 

627 

628 

629 

630 

631 

632 

633 

634 

635 

636 

637 

638 

639 

640 

641 

642 

643 

644 

645 

646 

647 

648 

649 

650 

651 

652 

653 

654 

655 

656 

657 

658 

659 

660 
661 
662 

663 

664 

665 

666 
667 


SOURCE 

# CHECK FOR MONITOR OR COLOR CHANGE INHIBITED 

i 

JN ZB CGC 3 . COL_CH_INH, KEEP JBF2 

MOVBI CGC3. BACK COL. SW# OFFH 
KEEP JBF2: 

LUMP KEY JEEP __EX I T 

# TURN ON THE EEPROM BUFFER 

; (CNTRLJE) 

# 

# THIS ROUTINE INITIALIZES THE EEPROM BUFFER 

# POINTER 

CNTRLJE: 

MOVI GB,STAT_RAM 

LPDI GC,DP_PB 

LJNZB CGC 3 . EEPJBUF_FULL# CURSOR., UPDATE 

MOVBI CGC 3. EEP_BUF_FULLi OOH # ******** 

MOVI CGB3. EEPJBUFJ=>TR# OOH 

MOVBI CGC 3. EEPJMH# OOH 

JMP CURSOR ^UPDATE 

# TURN THE EEPROM BUFFER OFF 
CNTRLJ4: 

MOVI GB# STAT_RAM 

LPDI GC# DP__PB 

LC ALL C GB 3 # KEY JBUF.JJP DATE 

MOVB I C GC 3 . EEP_BUF_FULL* OFFH 

MOVBI CGC 3 . EEP_I NH# OFFH 

MOV IX# CGB3. EEP.JBUF_PTR 

LPDI GA# EEP JBUF 

# 

# INSERT END OF FILE MARKER 

# 

MOVBI CGA+IX3# OFFH 

INC CGB3. EEPJ3UFJ=»TR 

JMP CURSORJJPDATE " 

i 

i DUMP EEPROM BUFFER 0-9 

i 

EEPJDUMP: 

MOVI GB# STATJ3AM 

LPDI GC# DP J=»B 

LPDI GC# UPJPB 

MOVBI CGC 3. EEP__RECALL# OFFH # SET FLAG TO ALL ONES# B/ 

~UT IT 

# WILL BE REPLACED BY THE/ 

- NEXT 

# ASCI I CHARACTER 

ED_X I T : 

JMP INTR_86 ♦ 

CHARJ3UT: 

MOVI GB# STATER AM 

LCALL CGB3# CHARjrOJION 

# ^ 

# PASS KEYSTROKES TO 8086 
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LINE SOURCE 



668 




669 KEYJEEP_EXIT. 



670 

MOV I 

GB, STAT_RAM 


671 

LCALL 

C GB I , KEYJ3UFJJPDATE 


672 EEP_UP_EXIT: 



673 

MOV I 

GB; STATJMM 


674 

LCALL 

CGB 3, EEP„BUF__UPDATE 


675 

JMP 

cursorjjpdate 


676 CHAR_CR: 



677 

MOV I 

GB; STAT_RAM 


678 

LCALL 

CGB 3 ; CR_UPDATE 


679 




680 

SET KEYBOARD 

AND EEPROM BUFFER FULL 


681 

FLAGS IF NOT 

INHIBITED 


682 




683 

MOV I 

GB; STATJRAM 


684 

LPDI 

GC;DP PB 


685 

JNZB 

CGC3. C0M_8086; CURSOR„UPDATE ; IF IN 8086 

COMM/ 


-AND 



686 


; MODE; DONT 

ALTER 

687 


; KEYBOARD STATUS 

688 

MOV I 

GB; STAT_RAM 


689 

LCALL 

CGB 3 , KEYJ3UF_UPDATE 


690 

MOVBI 

CGC 3 . KBDJBUF_FW-L, 0 FFH ; ****** 


691 EEP_CHK: 



692 

JMP 

EEPJJPJEXIT 


693 




694 

ALTER BACKGROUND OR FOREGROUND COLOR ACCORDING 


695 

TO THE 3 LEAST SIGNIFICANT BITS OF THE INPUT 


696 

KEY AND THE 

STATUS OF THE BACKGROUND/FOREGROUND* 


697 

FLAG. 



698 




699 COLORJ4EY: 



700 

MOV I 

GB; STAT_RAM 


701 

LPDI 

GC;DP PB 


702 

LCALL 

CGB 3> EEPJ3UFJJPDATE 


703 

LCALL 

CGB 3# KEY_BUF_UPDATE 


704 

LJNZB 

CGC 3. COL_CH_INH; CURSOR JJPDATE 


705 

MOVB 

GA; CGC 3. BACK_COL_SW 


706 




707 

CHECK B/F* FLAG 


708 




709 

JNZ 

GA; background 


710 

MOVB 

GA; CGB3 . ASCII 


711 

AND I 

GA; 07H 


712 

MOV 

CGB3 . ASCII; GA 


713 

MOVB 

GA; CGC 3. COLOR 


714 

AND I 

GA; 038H 


715 




716 

OR INPUT COLOR INTO FOREGROUND SECTION OF COLOR BYTE 


717 




718 

ORB 

GA; CGB 3. ASCII 


719 

MOVB 

CGC3. COLOR; GA 


720 

JMP 

CURSORGPOATE 


721 BACKGROUND: 



722 

MOVB 

GA; CGB3. ASCII 


723 

ADD 

GA; CGB 3. ASCII 
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LINE SOURCE 


724 

ADD 

GA, CGB 3. ASCII 





725 

ADD 

GA, CGB 3 . ASCII 





726 

MOVB 

CGB 3. ASCI I_TEMP, GA 





727 

ADD 

GA, C GB 3 . ASC 1 1 TEMP 





728 







729 

SHIFT INPUT 

color ove;r AND OR IT 

INTO 

THE 

BACKGROUND 


730 

SECTION OF THE COLOR BYTE 


) 



731 







732 

AND I 

GA, 038H 





733 

MOV 

CGB 3. ASCII, GA 





734 

MOVB 

GA, CGC 3 . COLOR 





735 

AND! 

GA, 047H 





736 

ORB 

GA, CGB 3 . ASCII 





737 

MOVB 

CGC 3 . COLOR, GA 





738 

JMP 

CURSORJJPDATE 





739 







740 

TAB ROUTINE 






741 







742 

THIS ROUTINE 

MOVES THE CURSOR TO 

THE 

NEXT 



743 

COLUMN WHOSE 

NUMBER IS A MULTIPLE 

OF 

8. 



744 







745 CURSQR_TAB : 






746 

MOV I 

GB, STAT_RAM 





747 

LCALL 

CGB 3, EEPJBUF.JJPDATE 





748 

LCALL 

CGB 3, KEY_BUF_UPDATE 





749 

LPDI 

GC, DP_PB 





750 






i 

751 

CHECK FOR CHARACTER COUNT BEING A 





752 

MULTIPLE OF 

EIGHT <3 LSB = 0) 





753 







754 TAB^CNT: 






755 







756 

PLACE BLANK 

ON THE SCREEN 





757 







758 

MOVB I 

CGB 3. ASCII, 02 OH 





759 

LCALL 

CGB 3, CHAR_TO_MON 





760 

MOV 

GA, CGB 3. CHAR^CNT 





761 

AND I 

GA, 07H 





762 

LJZ 

GA, CURSOR_UPDATE 





763 

JZB 

CGC 3. SCROLL_REQ, TAB,. 

CNT 




764 

JMP 

CURSOR_UPDATE 





765 







766 

ERASE PAGE ROUTINE 





767 







768 

THIS ROUTINE 

ERASES THE PAGE FROM 

THE 

CURRENT 


769 

CURSOR POSITION. IT ENDS WITH THE CURSOR 

AT 


770 

THE HOME POSITION. 





771 







772 







773 

UP CURSOR ROUTINE 





774 







775 UP CURSOR: 






776 

MOV I 

’ GB, STAT RAM 





777 

LPDI 

GC, DP PB 





778 

MOV 

IX, CGC 3. MON HOM 





779 

NOT 

IX 


i CHECK FOR UPPER 

BOUNDARY 

780 

AND 

IX, CGB 3. LINE_CNT 
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LINE SOURCE 


781 

LJZ 

IX, CURSORJJPDATE 



782 

DEC 

CGB 1. LINE..CNT 



783 

JMP 

KEY.__EEP.JFX IT 



784 

; 




785 

, LINE FEED 

(DOWN CURSOR) 



786 





787 

DWN_CURSOR. 




788 

NOVI 

GB> STAT RAM 



789 

LPD I 

GC , DP, PB 



790 

NOV 

IX, CGB 3 . LINE _C NT 

COMPARE PRESENT LINE 


791 

INC 

IX 

COUNT + 1 TO BOTTOM 


792 

NOT 

IX 

MARGIN 


793 

AND 

IX, CGC 3 . MONJEND 

IF EQUAL ABORT CURSOR 

M/ 


-OVE 




794 

LJZ 

IX, CURSOR. JJPDATE 



795 

INC 

CGB 3. LINEJ3NT 

MOVE OK 


796 

JMP 

KEY JEEP JEX I T 



797 





798 

; MOVE CURSOR RIGHT 



799 

; 




800 

RIGHTJ3URS0R: 




801 

MOV I 

GB, STAT_RAM 



802 

LPDI 

GC, DPJ»B 



803 

MOV 

IX, CGB 3 . CHARjCNT 

COMPARE PRESENT CHARACT/ 


-ER 




804 

INC 

IX 

COUNT + 1 TO RIGHT 


805 

NOT 

IX 

MARGIN 


806 

AND 

IX, CGC3. MONJRMARG 

IF EQUAL ABORT 


807 

LJZ 

IX, CURSORJJPDATE 

CURSOR MOVE 


808 

INC 

CGB 3. CHAR J3 NT 

MOV OK 


809 

JMP 

KEY JEEP JEX IT 



810 

BACKJDOWN: 




811 

MOV I 

GB, STAT RAM 



812 

LPDI 

GC, DPJP B 



813 

MOV 

IX, CGB3 . LINEJ3NT 

COMPARE PRESENT LINE 


814 

INC 

IX 

COUNT + 1 TO BOTTOM 


815 

NOT 

IX 

MARGIN 


816 

AND 

IX, CGC3. MONJEND 

IF EQUAL ABORT CURSOR 

M/ 


-OVE 




817 

LJZ 

IX, CURSORJJPDATE 



818 

MOV 

IX, CGC3. MON J-MARG 

IF CURSOR IS AT LEFT 

MA/ 


-RGIN 




819 

NOT 

IX 

ABORT CURSOR MOVE 


820 

AND 

IX, CGB 3 . CHAR CNT 



821 

LJZ 

IX, C UR SOR JJP DATE 



822 

INC 

CGB 3 . LINEjCNT 



823 

DEC 

CGB 3. CHAR J3 NT 



824 

JMP 

KEY JEEP JEX IT 



825 

j 




826 

i CANCEL THE 

PRESENT LINE 



827 

; 




828 

CNTRL_X: 




829 

MOVI 

GB, STAT JR AM 



830 

LPDI 

GC, DPJP B 



831 

MOV 

CGB], CHAR _CNT > CGC3. MON. LMARG 



832 ; 

833 i RESET THE KEYBOARD BUFFER POINTER 
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LINE SOURCE 
834 , 


835 

MOVE I 

CGC 3 . KBD „BUF— FULL, OOH 

836 

MOV I 

CGC 3. KBD— BUF PTR, OOH 

837 

JMP 

KEY-EEP .EX I 7 

838 

ERASE— PAGE : 


839 

MOV I 

OB, STAT-RAM 

840 

LCALL 

C GB 3 , EEP..JBUF— UPDATE 

841 

LC ALL 

CGB 3 , KEY— BUF— UPDATE 

842 

LPD I 

GC, DP-PB 

843 

i 


844 

i STORE BLANKS 

ON THE SCREEN 

845 



846 

MOVBI 

CGB 3. ASCII, 020H 

847 

ERASE— C NT: 


848 

LCALL 

CGB 3, CHAR-TO-MON 

849 

JZB 

CGC 3. SCROLL— REQ, ERASE. CNT 

850 

JMP 

CH-NTR 

851 

i 


852 

; HOME THE CURSOR 

853 

i 


854 

CURSOR-HOME: 


855 

MOV I 

GB, STAT-RAM 

856 

LCALL 

CGB 3, EEP—BUF— UPDATE 

857 

LCALL 

CGB 3, KEY-BUF-UPDATE 

858 

CH-NTR: 


859 

LPDI 

GC, DP-PB 

860 

MOVBI 

CGC 3. KBD-INH, OOH 

861 

MOVBI 

CGC 3. SCROLL— REQ, OOH 

862 

MOV 

CGB 3. CHAR CNT, CGC 3. MON-LMARG 

863 

MOV 

CGB 3. LINE— CNT , CGC 3. MON— HOM 

864 

JMP 

CURSOR UPDATE 


865 ; 

866 i PERFORM BACK-SPACE BY DECREMENTING THE DISPLAY 

867 ; PAGE POINTER, KEYBOARD POINTER, EEPROM POINTER, 

868 i AND CURSOR POSITION 

869 i 

870 BACK-SPACE: 


871 

MOV I 

GB, STAT-RAM 

872 

LPDI 

GC, DP-PB 

873 

MOV 

IX, CGC3. MON-LMARG i IF CURSOR IS AT LEFT 

874 

NOT 

IX ; MARGIN ABORT BACKSPACE 

875 

AND 

IX, CGB 3. CHAR— CNT 

876 

LJZ 

IX, CURSOR-UPDATE 

877 

DEC 

CGB 3. CHAR— CNT 

878 ; 

i 


879 i 

; DO BACKSPACE 

IF MONITOR NOT INHIBITED AND CURSOR IS 

880 ; 
881 i 

; NOT AT THE BEGINNING OF A LINE 

i 

882 KYBD— UPDATE: 


883 

LJNZB 

CGC 3. KBD— BUF— FULL, EEPJEXIT 

884 j 



885 i 

IF KEY BUFFER 

! POINTER IS ZERO, DONT BACKSPACE IT 

886 i 



887 

JZ 

CGC 3. KBD-BUF-PTR, EEP-EXIT 

888 

DEC 

CGC 3. KBD— BUF— PTR 

889 EEP— EX IT : 


890 

MOV I 

GB, STAT RAM 
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LINE SOURCES 



891 

JMP 

EEP JJPJEX IT 


892 

#**##**#########*##*#**** tf##*##**#*--**-*-*###-**-**#*#-*-* 

893 

•a-### •*#*#•*•*•*■*•»• SUBROUTINES 

894 

#*****#■*■#•*##•■**#•«■ -* # ■» & #• ■* •* #«««•««# •* •* ■* # #• 

895 CHARJTOJION. 



896 




897 

SET UP DISPLAY PAGE POINTER AND INDEX 


898 




899 

LPDI 

GB> DSPLY PAGEO 


900 

LPDI 

gc/dp„pb 


901 

JZ 

CGC 3 . DSPLY__PG_PTR * PTR„OK ' 


902 

LPDI 

GB, DSPLY__PAGE1 


903 




904 

COMPUTE 80XLINE„CNT 


905 




906 PTRJ3K: 



907 

MOVI 

GC, STAT_RAM 


908 

MOV 

GA, CGC 3. LINE_CNT 


909 

ADD 

GA, CGC 3 . LINEJ3NT 


910 

ADD 

GA, CGC 3. LINE_CNT 


911 

ADD 

GA, CGC3. LINE_CNT 


912 

ADD 

GA, CGC 3. LINE_CNT 


913 

MOV 

CGC 3. L I NE JTEMP , GA 


914 

ADD 

GA, CGC3. LINE JTEMP i 2 X 

5 

915 

MOV 

CGC 3. LINE_TEMP, GA 


916 

ADD 

GA, CGC 3. LINE JTEMP ; 4 X 

5 

917 

MOV 

CGC3. LINE TEMP, GA 


918 

ADD 

GA, CGC 3. LINE JTEMP ; 8 X 

5 

919 

MOV 

CGC 3. LINE JTEMP, GA 


920 

ADD 

GA, CGC 3. LINE JTEMP ; 16 X 

5 

921 




922 

MEMORY POINTER « DISPLAY PAGE POINTER + 


923 


4X(80XLINE_CNT + CHARJ3NT) 


924 




925 

ADD 

GA, CGC 3. CHAR_CNT 


926 

MOV 

CGC 3. LINE TEMP, GA 


927 

ADD 

GA, CGC 3. LINEJTEMP 


928 

ADD 

GA, CGC 3. LINEJTEMP 


929 

ADD 

GA, CGC 3. LINE TEMP 


930 

MOV 

CGC 3. PAGE_INDEX, GA 


931 

ADD 

GB, CGC 3. PAGE_INDEX 


932 




933 

SAVE ASCII 

CODE IN DISPLAY PAGE 


934 




935 

MOVB 

CGB3. ASC 1 1 J?R APH 1 , CGC 3. ASCII 


936 




937 

SAVE BACKGROUND AND FOREGROUND COLOR IN 


938 

DISPLAY PAGE 


939 




940 

LPDI 

GC, DP__PB 


941 

MOVB 

CGB 3. COLOR J10DE, CGC 3. COLOR 


942 




943 

CLEAR OTHER 

2 DISPLAY PA6E BYTES 


944 




945 

MOVB I 

CGB 3. GRAPHJ2AND3, OOH 


946 

MOVB I 

CGB 3. GRAPH_4AND5, OOH 


947 i 
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LINE SOURCE 


948 

INCREMENT 

X CURSOR POSITION AND CHARACTER POINTER. 

949 

CHECK FOR 

RIGHT MARGIN OVERRUN 

950 



951 

MOV I 

GB, STATJRAM 

952 

INC 

CGB 3. CHARJ3NT 

953 

MOV 

CGB 3 . CHAR TEMP , CGB 3. CHAR CNT 

954 

NOT 

CGBT. CHAR^TEMP 

955 

MOV 

GA, CGC I . MON JR MAR G 

956 

AND 

GA, CGB 3. CHAR TEMP 

957 

JNZ 

GA, MON UPDATE FIN 

958 CRJJPDATE: 


959 

IF RIGHT MARGIN WAS EXCEEDED, MOVE CHARACTER COUNT 

960 

TO LEFT MARGIN AND INCREMENT LINE COUNT AND Y CURSOR 

961 

POSITION 


962 

LPDI 

GC, DP PB 

963 

MOV I 

GB, STATJRAM 

964 

INC 

CGB 1 . LINE_CNT 

965 

MOV 

CGB I . CHAR_CNT, CGC 3. MON_ LMARG 

966 



967 

CHECK IF LINE COUNT WENT PAST BOTTOM OF SCREEN 

968 



969 

MOV 

CGB 3 . LINEJTEMP, CGB 3 . LINE. CNT 

970 

NOT 

CGB 3. LINE.JTEMP 

971 

MOV 

GA, CGB 3. LINEJTEMP 

972 

AND 

GA, CGC 3. MONJEND 

973 

JNZ 

GA, MONJJPDATE^ FIN 

974 



975 

LINE COUNT 

EXCEEDED BOTTOM MARGIN- 

976 

SET SCROLL 

FLAG 

977 

AND KEYBOARD INHIBIT AND DECREMENT LINE COUNT 

978 



979 

MOVBI 

CGC 3. SCROLL_REQ, OFFH 

980 

MOVBI 

CGC 3. KBD_I NH, OFFH i **** 

981 

DEC 

CGB 3 . LINE CNT 

982 MONJJPDATE FIN: 

983 



984 

RETURN TO 

CALLING ROUTINE 

985 



986 

MOV I 

GB, STATJRAM 

987 

LPDI 

GC, DP_PB 

988 

MOVP 

TP, CGB 3 

989 



990 

KEYBOARD BUFFER SUBROUTINE 

991 



992 

TRANSFER THE ASCII CHARACTERS OBTAINED FROM THE 

993 

8279 CONTROLLER INTO A BUFFER FOR LATER 

994 

PROCESSING 

BY THE 8086. 1 

995 



996 KEYJBUFJJPDATE: 

997 

LPDI 

GC, DP _PB 

998 

MOV I 

GB, STATJRAM 

999 



1000 

BYPASS IF 

BUFFER FULL 

1001 


■ * \ 

1002 

JNZB 

CGC 3. KBDJ3UFJ^ULL, KBUJRETURN 

1003 



1004 

BYPASS IF 

8086 COMMAND MODE 
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LINE SOURCE 
1005 ; 


1006 

JN ZB 

CGC 3 COM J3086, KBU RETURN 


1007 




1008 

XFER THE CHARACTER 


100<? 




1010 

MOV 

IX, CGC 3 KBD „BUF P FR 


1011 

LPDI 

GA, KEY _BUF 


1012 

MOVB 

CGA+IX3, CGB 3. ASCII 


1013 

INC 

r GC I . KBD BUF.PTR 


1014 

MOV 

GA, CGC3. KBD BUF PTR 


1015 

AND! 

GA, OFFOOH 


1016 

JZ 

GA, KBU_RETURN 


1017 




1018 

POINTER OVERRUN-SET BUFFER FULL FLAG 


1019 




1020 

DEC 

CGC 3. KBDJ3UFJ=>TR 


1021 

MOVB I 

C GC3. KBDJBUF_FULL, OFFH 


1022 

MOVB I 

CGA+ 1X3, OFFH ; SET END OF BUFFER MARKER 

1023 KBU_RETURN: 



1024 

MOVP 

TP, CGB3 


1025 




1026 

EEPROM BUFFER SUBROUTINE 


1027 




1028 

THIS ROUTINE 

TRANSFERS THE ASCII CHARACTERS 

OBTAINED 

1029 

FROM THE 8279 CONTROLLER INTO THE DUAL PORT 

EEPROM BUFFER 

1030 




1031 EEP.JBUF UPDATE: 



1032 

MOV I 

GB.-STATJFIAM 


1033 

LPDI 

GC, DP__PB 


1034 




1035 

CHECK FOR BUFFER FULL FLAG OR EEPROM INHIBITED 

1036 




1037 

JNZB 

CGC 3 . EEP_INH, EBU_RETURN 


1038 

JN ZB 

CGC 3 . EEP_BUF_FULL, EBUJRETURN 


1039 




1040 

XFER THE CHARACTER 


1041 




1042 

MOV 

IX, CGB 3 . EEPJ3UF..PTR 


1043 

LPDI 

GA, EEP__BUF 


1044 

MOVB 

CGA+IX3, CGB 3 . ASCII 


1045 

INC 

CGB 3 . EEP BUF PTR 


1046 

MOV 

GA, CGB 3. EEPJBUF PTR 


1047 

AND I 

GA, OFFOOH 


1048 

JZ 

GA, EBUJRETURN 


1049 




1050 

POINTER OVERRUN-SET BUFFER FULL FLAG 


1051 




1052 

DEC 

CGB 3. EEP BUF PTR 


1053 

MOVB I 

CGC 3. EEPJBUF.FULL, OFFH 


1054 EBU_RETURN: 



1055 

MOVP 

TP, CGB 3 


1056 DUMBTERM 

ENDS 


1057 


END 
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AP-113 


INTRODUCTION 

This is an application note on using numerics in Intel’s 
iAPX 86 or iAPX 88 microprocessor family. The nu- 
merics implemented in the family provide instruction 
level support for high-precision integer and floating 
point data types with arithmetic operations like add, 
subtract, multiply, divide, square root, power, log and 
trigonometries. These features are provided by members 
of the iAPX 86 or iAPX 88 family called numeric data 
processors. 

Rather than concentrate on a narrow, specific applica- 
tion, the topics covered in this application note were 
chosen for generality across many applications. The 
goal is to provide sufficient background information so 
that software and hardware engineers can quickly move 
beyond needs specific to the numeric data processor and 
concentrate on the special needs of their application. 
The material is structured to allow quick identification 
of relevant material without reading all the material 
leading up to that point. Everyone should read the in- 
troduction to establish terminology and a basic 
background. 

IAPX 86,88 BASE 

The numeric data processor is based on an 8088 or 8086 
microprocessor. The 8086 and 8088 are general purpose 
microprocessors, designed for general data processing 
applications. General applications need fast, efficient 
data movement and program control instructions. Ac- 
tual arithmetic on data values is simple in general appli- 
cations. The 8086 and 8088 fulfill these needs in a low 
cost, effective manner. 

However, some applications need more powerful arith- 
metic instructions and data types than a general purpose 
data processor provides. The real world deals in frac- 
tional values and requires arithmetic operations like 
square root, sine, and logarithms. Integer data types 
and their operations like add, subtract, multiply, and 
divide may not meet the needs for accuracy, speed, and 
ease of use. 

Such functions are not simple or inexpensive. The 
general data processor does not provide these features 
due to their cost to other less-complex applications that 
do not need such features. A special processor is re- 
quired, one which is easy to use and has a high level of 
support in hardware and software. 

The numeric data processor provides these features. It 
supports the data types and operations needed and 
allows use of all the current hardware and software sup- 
port for the iAPX 86/10 and 88/10 microprocessors. 

The iAPX 86 and iAPX 88 provide two imple- 
mentations of a numeric data processor. Each offers 
different tradeoffs in performance, memory size, and 
cost. 


One alternative uses a special hardware component, the 
8087 numeric processor extension, while the other is 
based on software, the 8087 emulator. Both component 
and software emulator add the extra numerics data 
types and operations to the 8086 or 8088. 

The component and its software emulator are com- 
pletely compatible. 


Nomenclature 

Table one shows several possible configurations 
of the iAPX 86 and iAPX 88 microprocessor family. 
The choice of configuration will be decided by the 
needs of the application for cost and performance 
in the areas of general data processing, numerics, 
and I/O processing. The combination of an 8086 or 
8088 with an 8087 is called an iAPX 86/20 or 88/20 
numeric data processor. For applications requir- 
ing high I/O bandwidths and numeric perfor- 
mance, a combination of 8086, 8087 and 8089 is an 
iAPX 86/21 numerics and I/O data processor. The 
same system with an 8088 CPU for smaller size 
and lower cost, due to the smaller 8-bit wide 
system data bus, is referred to as an iAPX 88/21. 
Each 8089 in the system is designated in the units 
digit of the system designation. The term 86/2X or 
88/2X refers to a numeric data processor with any 
number of 8089s. 

Throughout this application note, I will use the 
terms NDP, numeric data processor, 86/2X, and 
88/2X synonymously. Numeric processor exten- 
sion and NPX are also synonymous for the func- 
tions of either the 8087 component or 8087 
emulator. The term numeric instruction or 
numeric data type refers to an instruction or data 
type made available by the NPX. The term host will 
refer to either the 8086 or 8088 microprocessor. 


Table 1. Components Used in i/APX 86,88 
Configurations 


System Name 

8086 8087 8088 8089 

iAPX 86/10 

1 

iAPX 86/11 

1 1 

iAPX 86/12 

1 2 

iAPX 86/20 

1 1 

iAPX 86/21 

1 1 1 

iAPX 86/22 

1 1 2 

iAPX 88/10 

1 

iAPX 88/11 

1 1 

iAPX 88/12 

1 2 

iAPX 88/20 

1 1 

iAPX 88/21 

1 1 1 

iAPX 88/22 

1 1 2 
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NPX OVERVIEW 

The 8087 is a coprocessor extension available to 
iAPX 86/1X or iAPX 88/1X maximum mode 
microprocessor systems. (See page 7). The 8087 
adds hardware support for floating point and ex- 
tended precision integer data types, registers, and 
instructions. Figure 1 shows the register set 
available to the NDP. On the next page, the seven 
data types available to numeric instructions are 
listed (Fig 2). Each data type has a load and store 
instruction. Independent of whether an 8087 or its 
emulator are used, the registers and data types all 
appear the same to the programmer. 

All the numeric instructions and data types of the NPX 
are used by the programmer in the same manner as the 
general data types and instructions of the host. 

The numeric data formats and arithmetic operations 
provided by the 8087 conform to the proposed IEEE 
Microprocessor Floating Point Standard. All the pro- 
posed IEEE floating point standard algorithms, excep- 
tion detection, exception handling, infinity arithmetic 
and rounding controls are implemented. 1 

The numeric registers of the NPX are provided for fast, 
easy reference to values needed in numeric calculations. 
All numeric values kept in the NPX register file are held 
in the 80-bit temporary real floating point format which 
is the same as the 80-bit temporary real data type. 

All data types are converted to the 80-bit register file 
format when used by the NPX. Load and store instruc- 
tions automatically convert between the memory 
operand data type and the register file format for all 
numeric data types. The numeric load instruction 
specifies the format in which the memory operand is ex- 
pected and which addressing mode to use. 

All host base registers, index registers, segment 
registers, and addressing modes are available for 
locating numeric operands. In the same manner, the 
store instruction also specifies which data type to use 
and where the value is located when stored into 
memory. 

Selecting Numeric Data Types 

As figure 2 shows, the numeric data types are of dif- 
ferent lengths and domains (real or integer). Each 
numeric data type is provided for a specific function, 
they are: 

16-bit word integers —Index values, loop counts, 
and small program control 
values 


^‘An Implementation Guide to a Proposed Standard for Floating 
Point” by Jerome Coonen in Computer, Jan. 1980 or the Oct. 1979 \ 
issue of ACM SIGNUM, for more information on the standard. 


32-bit short integers —Large integer general 
computation 

—Extended range integer 
computation 

—Commercial and decimal 
conversion arithmetic 

—Reduced range and 
accuracy is traded for 
reduced memory require- 
ments 

—Recommended floating 
point variable type 

—Format for intermediate 
or high precision calcu- 
lations 

Referencing memory data types in the NDP is not 
restricted to load and store instructions. Some arith- 
metic operations can specify a memory operand in one 
of four possible data types. The numeric instructions 
compare, add, subtract, subtract reversed, multiply, 
divide, and divide reversed can specify a memory 
operand to be either a 16-bit integer, 32-bit integer, 
32-bit real, or 64-bit real value. As with the load and 
store operations, the arithmetic instruction specifies the 
address and expected format of the memory operand. 

The remaining arithmetic operations: square root, 
modulus, tangent, arctangent, logarithm, exponentiate, 
scale power, and extract power use only register 
operands. 


15 FILE 0 79 NPX STACK 0 




CS 

DS 

ES 

SS 


Figure 1. NDP Register Set for iAPX 86/20, 88/20 


64-bit long integers 

18-digit packed 
decimal 

32-bit short real 


64-bit long real 

80-bit temporary 
real 
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The register set of the host and 8087 are in separate 
components. Direct transfer of values between the two 
register sets in one instruction is not possible. To trans- 
fer values between the host and numeric register sets, 
the value must first pass through memory. The memory 
format of a 16-bit short integer used by the NPX is iden- 
tical to that of the host, ensuring fast, easy transfers. 

Since an 8086 or 8088 does not provide single instruc- 
tion support for the remaining numeric data types, host 
programs reading or writing these data types must con- 
form to the bit and byte ordering established by the 
NPX. 

Writing programs using numeric instructions is as sim- 
ple as with the host’s instructions. The numeric instruc- 
tions are simply placed in line with the host’s instruc- 
tions. They are executed in the same order as they ap- 
pear in the instruction stream. Numeric instructions 
follow the same form as the host instructions. Figure 2 
shows the ASM 86/88 representations for different 
numeric instructions and their similarity to host instruc- 
tions. 


8087 EMULATOR OVERVIEW 

The NDP has two basic implementations, an 8087 com- 
ponent or with its software emulator (E8087). The deci- 
sion to use the emulator or component has no effect on 
programs at the source level. At the source level, all in- 
structions, data types, and features are used the same 
way. 

The emulator requires all numeric instruction opcodes 
to be replaced with an interrupt instruction. This 
replacement is performed by the LINK86 program. In- 
terrupt vectors in the host’s interrupt vector table will 
point to numeric instruction emulation routines in the 
8087 software emulator. 

When using the 8087 emulator, the linker changes all the 
2-byte wait-escape, nop-escape, wait-segment override, 
or nop-segment override sequences generated by an 
assembler or compiler for the 8087 component with a 
2-byte interrupt instruction. Any remaining bytes of the 
numeric instruction are left unchanged. 


FILD VALUE 

FIADD TABLE [BX] 

FADD ST,ST(1) 



INTEGER: 1 

PACKED BCD: (- 1) S (D 17 . . . D 0 ) 

REAL: ( - 1)S(2EBIAS) (Fo.Fi ...) 

BIAS = 127 FOR SHORT REAL 
1023 FOR LONG REAL 
16383 FOR TEMP REAL 


Figure 2. NPX Data Types 
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When the host encounters numeric and emulated in- 
struction, it will execute the software interrupt instruc- 
tion formed by the linker. The interrupt vector table will 
direct the host to the proper entry point in the 8087 
emulator. Using the interrupt return address and CPU 
register set, the host will decode any remaining part of 
the numeric instruction, perform the indicated opera- 
tion, then return to the next instruction following the 
emulated numeric instruction. 

One copy of the 8087 emulator can be Shared by all pro- 
grams in the host. 

The decision to use the 8087 or software emulator is 
made at link time, when all software modules are 
brought together. Depending on whether an 8087 or its 
software emulator is used, a different group of library 
modules are included for linking with the program. 

If the 8087 component is used, the libraries do not add 
any code to the program, they just satisfy external refer- 
ences made by the assembler or compiler. Using the 
emulator will not increase the size of individual modu- 
les; however, other modules requiring about 16K bytes 
that implement the emulator will be automatically 
added. 

Selecting between the emulator or the 8087 can be very 
easy. Different versions of submit files performing the 
link operation can be used to specify the different set of 
library modules needed. Figure 3 shows an example of 
two different submit files for the same program using 
the NPX with an 8087 or the 8087 emulator. 

iSBC 337™ MULTIMODULE™ Overview 

The benefits of the NPX are not limited to systems 
which left board space for the 8087 component or mem- 
ory space for its software emulator. Any maximum 
mode iAPX 86/1X or iAPX 88/1X system can be up- 
graded to a numeric processor. The iSBC 337 MUL- 
TIMODULE is designed for just this function. The 
iSBC 337 provides a socket for the host microprocessor 
and an 8087. A 40-pin plug is provided on the underside 
of the 337 to plug into the original host’s socket, as 
shown in Figure 4. Two other pins on the underside of 
the MULTIMODULE allow easy connection to the 
8087 INT and RQ/GT1 pins. 


8087 BASED LINK/LOCATE COMMANDS 

LINK86 

:F1:PROG.OBJ, IO.LIB, 8087.LIB TO 
:F1:PROG.LNK 

LOC86 

:F1:PROG.LNK TO :F1:PROG 

SOFTWARE EMULATOR BASED 


LINK/LOCATE COMMANDS 

LINK86 

:F1:PROG.OBJ, IO.LIB, E8087.LIB, 
E8087 TO :F1:PROG.LNK 

LOC86 

:F1:PROG.LNK TO :F1:PROG 


Figure 3. Submit File Example 



Figure 4. MULTIMODULE™ Math Mounting Scheme 


3-424 


207865-001 






AP-113 


CONSTRUCTING AN iAPX 86/2X OR iAPX 
88/2X SYSTEM 

This section will describe how to design a micropro- 
cessor system with the 8087 component. The discussion 
will center around hardware issues. However, some of 
the hardware decisions must be made based upon how 
the software will use the NPX. To better understand 
how the 8087 operates as a local bus master, we shall 
cover how the coprocessor interface works later in this 
section. 


Wiring up the 8087 

The 8087 can be designed into any 86/ IX or 88/ IX 
system operating in maximum mode. Such a system 
would be designated an 86/2X or 88/2X. Figure 5 shows 
the local bus interconnections for an iAPX 86/20 (or 
iAPX 88/20) system. The 8087 shares the maximum 
mode host’s multiplexed address/data bus, status sig- 
nals, queue status signals, ready status signal, clock and 
reset signal. Two dedicated signals, BUSY and INT, in- 
form the host of current 8087 status. The 10K pull-down 
resistor on the BUSY signal ensures the host will always 
see a “not busy” status if an 8087 is not installed. 

Adding the 8087 to your design has a minor effect on 
hardware timing. The 8087 has the exact same timing 
and equivalent DC and AC drive characteristics as a 
host or IOP on the local bus. All the local bus logic, 
such as clock, ready, and interface logic is shared. 

The 8087 adds 15 pF to the total capacitive loading on 
the shared address/data and status signals. Like the 

8086 or 8088, the 8087 can drive a total of 100 pF 
capacitive load above its own self load and sink 2.0 mA 
DC currfent on these pins. This AC and DC drive is suf- 
ficient for an 86/21 system with two sets of data 
transceivers, address latches, and bus controllers for 
two separate busses, an on-board bus and an off-board 
MULTIBUS™ using the 8289 bus arbiter. 

Later in this section, what to do with the 8087 INT and 
RQ/GT pins, is covered. 

It is possible to leave a prewired 40-pin socket on the 
board for the 8087. Adding the 8087 to such a system is 
as easy as just plugging it in. If a program attempts to 
execute any numeric instructions without the 8087 in- 
stalled, they will be simply treated as NOP instructions 
by the host. Software can test for the existence of the 

8087 by initializing it and then storing the control word. 
The program of Figure 6 illustrates this technique. 
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WHAT IS THE iAPX 86, 88 
COPROCESSOR INTERFACE? 

The idea of a coprocessor is based on the observation 
that hardware specially designed for a function is the 
fastest, smallest, and cheapest implementation. But, it is 
too expensive to incorporate all desired functions in 
general purpose hardware. Few applications could use 
all the functions. To build fast, small, economical sys- 
tems, we need some way to mix and match components 
supporting specialized functions. 

Purpose of the Coprocessor Interface 

The coprocessor interface of the general purpose 8086 
or 8088 microprocessor provides a way to attach special- 
ized hardware in a simple, elegant, and efficient man- 
ner. Because the coprocessor hardware is specialized, it 
can perform its job much faster than any general pur- 
pose CPU of similar size and cost. The coprocessor 
interface simply requires connection to the host’s local 
address/data, status, clock, ready, reset, test and re- 
quest/grant signals. Being attached to the host’s local 
bus gives the coprocessor access to all memory and I/O 
resources available to the host. 

The coprocessor is independent of system configura- 
tion. Using the local bus as the connection point to the 
host isolates the coprocessor from the particular system 
configuration, since the timing and function of local bus 
signals are fixed. 

Software’s View of the Coprocessor 

The coprocessor interface allows specialized hardware 
to appear as an integral part of the host’s architecture 
controlled by the host with special instructions. When 
the host encounters these special instructions, both the 
host and coprocessor recognize them and work together 
to perform the desired function. No status polling loops 
or command stuffing sequences are required by soft- 
ware to operate the coprocessor. 

More information is available to a coprocessor than 
simply an instruction opcode and a signal to begin exe- 


cution. The host’s coprocessor interface can read a 
value from memory, or identify a region of memory the 
coprocessor should use while performing its function. 
All the addressing modes of the host are available to 
identify memory based operands to the coprocessor. 

Concurrent Execution of Host and 
Coprocessor 

After the coprocessor has started its operation, the host 
may continue on with the program, executing it in par- 
allel while the coprocessor performs the function started 
earlier. The parallel operation of the coprocessor does 
not normally affect that of the host unless the copro- 
cessor must reference memory or I/O-based operands. 
When the host releases the local bus to the coprocessor, 
the host may continue to execute from its internal in- 
struction queue. However, the host must stop when it 
also needs the local bus currently in use by the copro- 
cessor. Except for the stolen memory cycle, the opera- 
tion of the coprocessor is transparent to the host. 

This parallel operation of host and coprocessor is called 
concurrent execution. Concurrent execution of instruc- 
tions requires less total time then a strictly sequential 
execution would. System performance will be higher 
with concurrent execution of instructions between the 
host and coprocessor. 

SYNCHRONIZATION 

In exchange for the higher system performance made 
available by concurrent execution, programs must pro- 
vide what is called synchronization between the host 
and coprocessor. Synchronization is necessary whenever 
the host and coprocessor must use information available 
from the other. Synchronization involves either the host 
or coprocessor waiting for the other to finish an opera- 
tion currently in progress. Since the host executes the 
program, and has program control instructions like 
jumps, it is given responsibility for synchronization. To 
meet this need, a special host instruction exists to syn- 
chronize host operation with a coprocessor. 


Test for the existence of an 8087 in the system. This code will always recognize an 8087 
independent of the TEST pin usage on the host. No deadlock is possible. Using the 8087 
emulator will not change the function of this code since ESC instructions are used. The word 
variable control is used for communication between the 8087 and the host. Note: if an 8087 is 
present, it will be initialized. Register ax is not transparent across this code. 


ESC 

28, bx 

FNINIT if 8087 is present . The contents of bx is irrelevant 

XOR 

ax, ax 

These two instructions insert delay while the 8087 initializes itself 

MOV 

control, ax 

Clear intial control word value 

ESC 

15, control 

FNSTCW if 8087 is present 

OR 

ax, control 

Control = 03ffh if 8087 present 

JZ 

no_8087 

Jump if no 8087 is present 


Figure 6. Test for Existence of an 8087 
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The host coprocessor synchronization instruction, 
called “WAIT”, uses the TEST pin of the host. The 
coprocessor can signal that it is still busy to the host via 
this pin. Whenever the host executes a wait instruction, 
it will stop program execution while the TEST input is 
active. When the TEST pin becomes inactive, the host 
will resume program execution with the next instruction 
following the WAIT. While waiting on the TEST pin, 
the host can be interrupted at 5 clock intervals; how- 
ever, after the TEST pin becomes inactive, the host will 
immediately execute the next instruction, ignoring any 
pending interrupts between the WAIT and following 
instruction. 

COPROCESSOR CONTROL 

The host has the responsibility for overall program con- 
trol. Coprocessor operation is initiated by special in- 
structions encountered by the host. These instructions 
are called “ESCAPE” instructions. When the host en- 
counters an ESCAPE instruction, the coprocessor is 
expected to perform the action indicated by the instruc- 
tion. There are 576 different ESCAPE instructions, 
allowing the coprocessor to perform many different 
actions. 

The host’s coprocessor interface requires the copro- 
cessor to recognize when the host has encountered an 
ESCAPE instruction. Whenever the host begins execut- 
ing a new instruction, the coprocessor must look to see 
if it is an ESCAPE instruction. Since only the host 
fetches instructions and executes them, the coprocessor 
must monitor the instructions being executed by the 
host. 

Host Queue Tracking 

The host can fetch an instruction at a variable length 
time before the host executes the instruction. This is a 
characteristic of the instruction queue of an 8086 or 
8088 microprocessor. An instruction queue allows pre- 
fetching instructions during times when the local bus 


would be otherwise idle. The end benefit is faster execu- 
tion time of host instructions for a given memory band- 
width. 

The host does not externally indicate which instruction 
it is currently executing. Instead, the host indicates 
when it fetches an instruction and when, some time 
later, an opcode byte is decoded and executed. To iden- 
tify the actual instruction the host fetched from its 
queue, the coprocessor must also maintain an instruc- 
tion stream identical to the host’s. 

Instructions can be fetched in byte or word increments, 
depending on the type of host and the destination ad- 
dress of jump instructions executed by the host. When 
the host has filled its queue, it stops prefetching instruc- 
tions. Instructions are removed from the queue a byte at 
a time for decoding and execution. When a jump oc- 
curs, the queue is emptied. The coprocessor follows 
these actions in the host by monitoring the host’s bus 
status, queue status, and data bus signals. Figure 7 
shows how the bus status signals and queue status 
signals are encoded. 

IGNORING I/O PROCESSORS 

The host is not the only local bus master capable of 
fetching instructions. An Intel 8089 IOP can generate 
instruction fetches on the local bus in the course of exe- 
cuting a channel program in system memory. In this 
case, the status signals S2, SI, and SO generated by the 
IOP are identical to those of the host. The coprocessor 
must not interpret these instruction prefetches as going 
to the host’s instruction queue. This problem is solved 
with a status signal called S6. The S6 signal identifies 
when the local bus is being used by the host. When the 
host is the local bus master, S6 = 0 during T2 and T3 of 
the memory cycle. All other bus masters must set S6 = 1 
during T2 and T3 of their instruction prefetch cycles. 
Any coprocessor must ignore activity on the local bus 
when S6 = 1 . 


S2 

SI 

so 

Function 

QS1 

QS0 

Host Function 

Coprocessor Activity 

0 

0 

0 

t 

Interrupt Acknowledge 

0 

0 

No Operation 

No Queue Activity 

0 

0 

1 

Read I/O Port 

0 

1 

First Byte 

Decode Opcode Byte 

0 

1 

0 

Write I/O Port 

1 

0 

Empty Queue 

Empty Queue 

0 

1 • 

1 

Halt 

1 

1 

Subsequent Byte 

Flush Byte or if 2nd 

1 

0 

0 

Code Fetch 




Byte of Escape 

1 

0 

1 

Read .Data Memory 




Decode it 

1 

1 

0 

Write Data Memory 





1 

1 

1 

Idle 






Figure 7. 
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DECODING ESCAPE INSTRUCTIONS 

To recognize ESCAPE instructions, the coprocessor 
must examine all instructions executed by the host. 
When the host fetches an instruction byte from its inter- 
nal queue, the coprocessor must do likewise. 

The queue status state, fetch opcode byte, identifies 
when an opcode byte is being examined by the host. At 
the same time, the coprocessor will check if the byte fet- 
ched from its internal instruction queue is an ESCAPE 
opcode. If the instruction is not an ESCAPE, the 
coprocessor will ignore it. The queue status signals for 
fetch subsequent byte and flush queue let the 
coprocessor track the host’s queue without knowledge 
of the length and function of host instructions and ad- 
dressing modes. 

Escape Instruction Encoding 

All ESCAPE instructions start with the high-order 
5-bits of the instruction being 11011. They have two 
basic forms. The non-memory form, listed here, in- 
itiates some activity in the coprocessor using the nine 
available bits of the ESCAPE instruction to indicate 
which function to perform. 


MOD 


1 1 1 1 1 0 1 1 1 1 1 1 1 

1 1 1 1 1 1 1 1 1 1 

' *15 'l4 <13 >12 'll *10 >9 '8 

' l 7 *6 *5 *4 '3 *2 'l >0 ' 


Memory reference forms of the ESCAPE instruction, 
shown in Figure 8, allow the host to point out a memory 
operand to the coprocessor using any host memory ad- 
dressing mode. Six bits are available in the memory 
reference form to identify what to do with the memory 
operand. Of course, the coprocessor may not recognize 
all possible ESCAPE instructions, in which case it will 
simply ignore them. 

Memory reference forms of ESCAPE instructions are 
identified by bits 7 and 6 of the byte following the 
ESCAPE opcode. These two bits are the MOD field of 
the 8086 or 8088 effective address calculation byte. 


They, together with the R/M field, bits 2 through 0, 
determine the addressing mode and how many subse- 
quent bytes remain in the instruction. 

Host’s Response to an Escape Instruction 

The host performs one of two possible actions when 
encountering an ESCAPE instruction: do nothing or 
calculate an effective address and read a word value 
beginning at that address. The host ignores the value of 
the word read. ESCAPE instructions change no regis- 
ters in the host other than advancing IP. So, if there is 
no coprocessor, or the coprocessor ignores the ESCAPE 
instruction, the ESCAPE instruction is effectively a 
NOP to the host. Other than calculating a memory ad- 
dress and reading a word of memory, the host makes no 
other assumptions regarding coprocessor activity. 

The memory reference ESCAPE instructions have two 
purposes: identify a memory operand and for certain in- 
structions, transfer a word from memory to the 
coprocessor. 

COPROCESSOR INTERFACE TO MEMORY 

The design of a coprocessor is considerably simplified if 
it only requires reading memory values of 16 bits or less. 
The host can perform all the reads with the coprocessor 
latching the value as it appears on the data bus at the 
end of T3 during the memory read cycle. The copro- 
cessor need never become a local bus master to read or 
write additional information. 

If the coprocessor must write information to memory, 
or deal with data values longer than one word, then it 
must save the memory address and be able to become a 
local bus master. The read operation performed by the 
host in the course of executing the ESCAPE instruction 
places the 20-bit physical address of the operand on the 
address/data pins during T1 of the memory cycle. At 
this time the coprocessor can latch the address. If the 
coprocessor instruction also requires reading a value, it 
will appear on the data bus during T3 of the memory 
read. All other memory bytes are addressed relative to 
this starting physical address. 
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Figure 8. Memory Reference Escape Instruction Forms 
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Whether the coprocessor becomes a bus master or not, 
if the coprocessor has memory reference instruction 
forms, it must be able to identify the memory read per- 
formed by the host in the course of executing an 
ESCAPE instruction. 

Identifying the memory read is straightforward, requir- 
ing all the following conditions to be met: 

1) A MOD value of 00, 01, or 10 in the second byte 
of the ESCAPE instruction executed by the host. 

2) This is the first data read memory cycle performed 
by the host after it encountered the ESCAPE in- 
struction. In particular, the bus status signals 
S2-S0 will be 101 and S6 will be 0. 

The coprocessor must continue to track the instruction 
queue of the host while it calculates the memory address 
and reads the memory value. This is simply a matter of 
following the fetch subsequent byte status commands 
occurring on the queue status pins. 

HOST PROCESSOR DIFFERENCES 

t 

A coprocessor must be aware of the bus characteristics 
of the host processor. This determines how the host will 
read the word operand of a memory reference ESCAPE 
instruction. If the host is an 8088, it will always perform 
two byte reads at sequential addresses. But if the host is 
an 8086, it can either perform a single word read or two 
byte reads to sequential addresses. 

The 8086 places no restrictions on the alignment of 
word operands in memory. It will automatically per- 
form two byte operations for word operands starting at 
an odd address. The two operations are necessary since 
the two bytes of the operand exist in two different mem- 
ory words. The coprocessor should be able to accept the 
two possible methods of reading a word value on the 
8086. 

A coprocessor can determine whether the 8086 will per- 
form one or two memory cycles as part of the current 
ESCAPE instruction execution. The ADO pin during T1 
of the first memory read by the host tells if this is the 
only read to be performed as part of the ESCAPE in- 
struction. If this pin is a 1 during T1 of the memory 
cycle, the 8086 will immediately follow this memory 
read cycle with another one at the next byte address. 

Coprocessor Interface Summary 

The host ESCAPE instructions, coprocessor interface, 
and WAIT instruction allow easy extension of the host’s 
architecture with specialized processors. The 8087 is 
such a processor, extending the host’s architecture as 
seen by the programmer. The specialized hardware pro- 
vided by the 8087 can greatly improve system perfor- 
mance economically in terms of both hardware and 
software for numerics applications. 


The next section examines how the 8087 uses the 
coprocessor interface of the 8086 or 8088. 

8087 COPROCESSOR OPERATION 

The 8086 or 8088 ESCAPE instructions provide 64 
memory reference opcodes and 512 non-memory refer- 
ence opcodes. The 8087 uses 57 of the memory reference 
forms and 406 of the non-memory reference forms. Fig- 
ure 9 shows the ESCAPE instructions not used by the 
8087. 
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Using the 8087 With Custom 
Coprocessors 

Custom coprocessors, a designer may care to develop, 
should limit their use pf ESCAPE instructions to those 
not used by the 8087 to prevent ambiguity about 
whether any one ESCAPE instruction is intended for a 
numerics or other custom coprocessor. Using any 
escape instruction for a custom coprocessor may con- 
flict with opcodes chosen for future Intel coprocessors. 

Operation of an 8087 together with other custom co- 
processors is possible under the following constraints: 

1) All 8087 errors are masked. The 8087 will update its 
opcode and instruction address registers for the un- 
used opcodes. Unused memory reference instruc- 
tions will also update the operand address value. 
Such changes in the 8087 make software-defined 
error handling impossible. 

2) If the coprocessors provide a BUSY signal, they must 
be ORed together for connection to the host TEST 
pin. When the host executes a WAIT instruction, it 
does not know which coprocessor will be affected by 
the following ESCAPE instruction. In general, all 
coprocessors must be idle before executing the 
ESCAPE instruction. 


Operand Addressing by the 8087 

The 8087 has seven different memory operand formats. 
Six of them are longer than one word. All are an even 
number of bytes in length and are addressed by the host 
at the lowest address word. 

When the host executes a memory reference ESCAPE 
instruction intended to cause a read operation by the 
8087, the host always reads the low-order word of any 
8087 memory operand. The 8087 will save the address 
and data read. To read any subsequent words of the 
operand, the 8087 must become a local bus master. 

When the 8087 has the local bus, it increments the 20-bit 
physical address it saved to address the remaining words 
of the operand. 

When the ESCAPE instruction is intended to cause a 
write operation by the 8087, the 8087 will save the ad- 
dress but ignore the data read. Eventually, it will get 
control of the local bus, then perform successive write, 
increment address operations writing the entire data 
value. 


8087 OPERATION IN iAPX 86,88 SYSTEMS 

The 8087 will work with either an 8086 or 8088 host. 
The identity of the host determines the width of the 
local bus path. The 8087 will identify the host and 
adjust its use of the data bus accordingly; 8 bits for an 

8088 or 16 bits for an 8086. No strapping options are 
required by the 8087; host identification is automatic. 

The 8087 identifies the host each time the host and 8087 
are reset via the RESET pin. After the reset signal goes 
inactive, the host will begin instruction execution at 
memory address FFFF0i 6 . 

If the host is an 8086 it will perform a word read at that 
address; an 8088 will perform a byte read. 

The 8087 monitors pin 34 on the first memory cycle 
after power up. If an 8086 host is used, pin 34 will be the 
BHE signal, which will be low for that memory cycle. 
For an 8088 host, pin 34 will be the SS0 signal, which 
will be high during T1 of the first memory cycle. Based 
on this signal, the 8087 will then configure its data bus 
width to match that of the host local bus. 

For 88/2X systems, pin 34 of the 8087 may be tied to 
Vcc ^ not connected to the 8088 SS0 pin. 

The width of the data bus and alignment of data oper- 
ands has no effect, except for execution time and num- 
ber of memory cycles performed, on 8087 instructions. 
A numeric program will always produce the same results 
on an 86/2X or 88/2X with any operand alignment. All 
numeric operands have the same relative byte orderings 
independent of the host and starting address. 

The byte alignment of memory operands can affect the 
performance of programs executing on an 86/2X. If a 
word operand, or any numeric operand, starts on an 
odd-byte address, more memory cycles are required to 
access the operand than if the operand started on an 
even address. The extra memory cycles will lower system 
performance. 

The 86/2X will attempt to minimize the number of extra 
memory cycles required for odd-aligned operands. In 
these cases, the 8087 will perform first a byte operation, 
then a series of word operations, and finally a byte 
operation. 

88/2X instruction timings are independent of operand 
alignment, since byte operations are always performed. 
However, it is recommended to align numeric operands 
on even boundaries for maximum performance in case 
the program is transported to an 86/2X. 
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RQ/GT CONNECTION 

Two decisions must be made when connecting the 8087 
to a system. The first is how to interconnect the RQ/GT 
signals of all local bus masters. The RQ/GT decision af- 
fects the response time to service local bus requests from 
other local bus masters, such as an 8089 IOP or other 
coprocessor. The interrupt connection affects the 
response time to service an interrupt request and how 
user-interrupt handlers are written. The implications of 
how these pins are connected concern both the hardware 
designer and programmer and must be understood by 
both. 

The RQ/GT issue can be broken into three general cate- 
gories, depending on system configuration: 86/20 or 
88/20, 86/21 or 88/21, and 86/22 or 88/22. Remote 
operation of an IOP is not effected by the 8087 RQ/GT 
connection. 

iAPX 86/20, 88/20 

For an 86/20 or 88/20 just connect the RQ/GT0 pin of 
the 8087 to RQ/GT 1 of the host (see Figure 5), and skip 
forward to the interrupt discussion on page 15. 

iAPX 86/21, 88/21 

For an 86/21 or 88/21, connect RQ/GT0 of the 8087 to 
RQ/GT 1 of the host, connect RQ/GT of the 8089 to 
RQ/GT 1 of the 8087 (see Figure 10, page 12), and skip 
forward to the interrupt discussion on page 15. 

The RQ/GT 1 pin of the 8087 exists to provide one I/O 
processor with a low maximum wait time for the local 
bus. The maximum wait times to gain control of the 
local bus for a device attached to RQ/GT 1 of an 8087 
for an 8086 or 8088 host are shown in Table 2. These 
numbers are all dependent on when the host will release 
the local bus to the 8087. 


As Table 2 implies, three factors determine when the 
host will release the local bus: 

1) What type of host is there, an 8086 or 8088? 

2) What is the current instruction being executed? 

3) How is the lock prefix being used? 

An 8086 host will not release the local bus between the 
two consecutive byte operations performed for odd- 
aligned word operands. The 8088, in contrast, will never 
release the local bus between the two bytes of a word 
transfer, independent of its byte alignment. 

Host operations such as acknowledging an interrupt will 
not release the local bus for several bus cycles. 

Using a lock prefix in front of a host instruction 
prevents the host from releasing the local bus during the 
execution of that instruction. 

8087 RQ/GT Function 

The presence of the 8087 in the RQ/GT path from the 
IOP to the host has little effect on the maximum wait 
time seen by the IOP when requesting the local bus. The 
8087 adds two clocks of delay to the basic time required 
by the host. This low delay is achieved due to a preemp- 
tive protocol implemented by the 8087 on RQ/GT 1. 

The 8087 always gives higher priority to a request for 
the local bus from a device attached to its RQ/GT 1 pin 
than to a request generated internally by the 8087. If the 
8087 currently owns the local bus and a request is made 
to its RQ/GT 1 pin, the 8087 will finish the current 
memory cycle and release the local bus to the requestor. 
If the request from the devices arrives when the 8087 
does not own the local bus, then the 8087 will pass the 
request on to the host via its RQ/GT0 pin. 


Table 2. Worst Case Local Bus Request Wait Times in Clocks 

( 


System 

Configuration 

No Locked 
Instructions 

Only Locked 
Exchange 

Other Locked 
Instructions 

iAPX 86/21 
even aligned words 

15, 

35, 

max (15,, *) 

iAPX 86/21 
odd aligned words 

15, 

43 2 

max (43 2 , *) 

iAPX 88/21 

15, 

43 2 

max (43 2 , *) 


Notes: 1. Add two clocks for each wait state inserted per bus cycle 
2. Add four clocks for each wait state inserted per bus cycle 
* Execution time of longest locked instruction 
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Figure 11. iAPX 86/22 System 
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IAPX 86/22, 88/22 

An 86/22 system offers two alternates regarding to 
which IOP to connect an I/O device* Each IOP will of- 
fer a different maximum delay time to servide an I/O re- 
quest, (See Fig. 11) 

The second 8089 (IOP A) must use the RQ/GTO pin of 
the host. With two IOPs the designer must decide which 
IOP services which I/O devices, determined by the max- 
imum wait time allowed between when an I/O device re- 
quests IOP service and the IOP can respond. The max- 
imum service delay times of the two IOPs can be very 
different. It makes little difference which of the two 
host RQ/GT pins are used. 

The different wait times are due to the non-preemptive 
nature of bus grants between the two host RQ/GT pins. 
No communication of a need to use the local bus is 
possible between IOPA and the 8087/IOPB combina- 
tion. Any request for the local bus by the IOPA must 
wait in the worst case for the host, 8087, and IOPB to 
finish their longest sequence of memory cycles. IOPB 
must wait in the worst case for the host and IOPA to 
finish their longest sequence of memory cycles. The 
8087 has little effect on the maximum wait time of 
IOPB. 

DELAY EFFECTS OF THE 8087 

The delay effects of the 8087 on IOPA can be signifi- 
cant. When executing special instructions (FSAVE, 
FNSAVE, FRSTOR), the 8087 can perform 50 or 96 
consecutive memory cycles with an 8086 or 8088 host, 
respectively. These instructions do not affect response 
time to local bus requests seen by an IOPB. 

If the 8087 is performing a series of memory cycles while 
executing these instructions, and IOPB requests the 
local bus, the 8087 will stop its current memory activity, 
then release the local bus to IOPB. 

The 8087 cannot release the bus to IOPA since it cannot 
know that IOPA wants to use the local bus, like it can 
for IOPB. 

REDUCING 8087 DELAY EFFECTS 

For 86/22 or 88/22 systems requiring lower maximum 
wait times for IOPA, it is possible to reduce the worst 
case bus usage of the 8087. If three 8087 instructions are 
never executed; namely FSAVE, FNSAVE, or 
FRSTOR, the maximum number of consecutive mem- 
ory cycles performed by the 8087 is 10 or 16 for an 8086 
or 8088 host respectively. The function of these instruc- 
tions can be emulated with other 8087 instructions. 

Appendix B shows an example of how these three in- 
structions can be emulated. This improvment does have 
a cost, in the increased execution time of 427 or 747 ad- 


ditional clocks for an 8086 or 8088 respectively, for the 
equivalent save and restore operations. These opera- 
tions appear in time-critical context-switching functions 
of an operating system or interrupt handler. This tech- 
nique has no affect on the maximum wait time seen by 
IOPB or wait time seen by IOPA due to IOPB. 

Which IOP to connect to which I/O device in an 86/22 
or 88/22 system will depend on how quickly an I/O re- 
quest by the device must be serviced by the IOP. This 
maximum time must be greater than the sum of the 
maximum delay of the IOP and the maximum wait time 
to gain control of the local bus by the IOP. 

If neither IOP offers a fast enough response time, con- 
sider remote operation of the IOP. 


The next decision in adding the 8087 to an 8086 or 8088 
system is where to attach the INT signal of the 8087. 
The INT pin of the 8087 provides an external indication 
of software-selected numeric errors. The numeric pro- 
gram will stop until something is done about the error. 
Deciding where to connect the INT signal can have im- 
portant consequences on other interrupt handlers. 


A numeric error occurs in the NPX whenever an opera- 
tion is attempted with invalid operands or attempts to 
produce a result which cannot be represented. If an in- 
correct or questionable operation is attempted by a pro- 
gram, the NPX will always indicate the event. Examples 
of errors on the NPX are: 1/0, square root of - 1, and 
reading from an empty register. For a detailed descrip- 
tion of when the 8087 detects a numeric error, refer to 
the Numerics Supplement. (See Lit. Ref). 


Two possible courses of action are possible when a 
numeric error occurs. The NPX can itself handle the 
error, allowing numeric program execution to continue 
undisturbed, or software in the host can handle the 
error. To have the 8087 handle a numeric error, set its 
associated mask bit in the NPX control word. Each 
numeric error may be individually masked. 

The NPX has a default fixup action defined for all pos- \ 

sible numeric errors when they are masked. The default 
actions were carefully selected for their generality and 
safety. 

For example, the default fixup for the precision error is 
to round the result using the rounding rules currently in 
effect. If the invalid error is masked, the NPX will 
generate a special value called indefinite as the result of 
any invalid operation. 


8087 INT Connection 


WHAT TO DO ABOUT NUMERIC ERRORS 


WHAT ARE NUMERIC ERRORS? 
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NUMERIC ERRORS (CON’T) 

Any arithmetic operation with an indefinite operand 
will always generate an indefinite result. In this manner, 
the result of the original invalid operation will pro- 
pagate throughout the program wherever it is used. 

When a questionable operation such as multiplying an 
urtnormal value by a normal value occurs, the NPX will 
signal this occurrence by generating an unnormal result. 

The required response by host software to a numeric 
error will depend on the application. The needs of each 
application must be understood when deciding on how 
to treat numeric errors. There are three attitudes 
towards a numeric error: 

1) No response required. Let the NPX perform the 
default fixup. 

2) Stop everything, something terrible has happened! 

3) Oh, not again! But don’t disrupt doing something 
more important. 

SIMPLE ERROR HANDLING 

Some very simple applications may mask all of the 
numeric errors. In this simple case, the 8087 INT signal 
may be left unconnected since the 8087 will never assert 
this signal. If any numeric errors are detected during the 
course of executing the program, the NPX will generate 
a safe result. It is sufficient to test the final results of the 
calculation to see if they are valid. 

Special values like not-a-number (NAN), infinity, in- 
definite, denormals, and unnormals indicate the type 
and severity of earlier invalid or questionable opera- 
tions. 

SEVERE ERROR HANDLING 

For dedicated applications, programs should not gener- 
ate or use any invalid operands. Furthermore, all num- 
bers should be in range. An operand or result outside 
this range indicates a severe fault in the system. This 
situation may arise due to invalid input values, program 
error, or hardware faults. The integrity of the program 
and hardware is in question, and immediate action is re- 
quired. 

In this case, the INT signal can be used to interrupt the 
program currently running. Such an interrupt would be 
of high priority. The interrupt handler responsible for 
numeric errors might perform system integrity tests and 
then restart the system at a known, safe state. The 
handler would not normally return to the point of error. 

Unmasked numeric errors are very useful for testing 
programs. Correct use of synchronization, (Page 21), 
allows the programmer to find out exactly what 
operands, instruction, and memory values caused the 
error. Once testing has finished, an error then becomes 
much more serious. 


The 8086 Family Numerics Supplement recommends 
masking all errors except invalid. (See Lit. Ref.). In this 
case the NPX will safely handle such errors as 
underflow, overflow, or divide by zero. Only truly ques- 
tionable operations will disturb the numerics program 
execution. 

An example of how infinities and divide by zero can be 
harmless occurs when calculating the parallel resistance 
of several values with the standard formula (Figure 12). 
If R1 becomes zero, the circuit resistance becomes 0. 
With divide by zero and precision masked, the NPX will 
produce the correct result. 

NUMERIC EXCEPTION HANDLING 

For some applications, a numeric error may not indicate 
a severe problem. The numeric error can indicate that a 
hardware resource has been exhausted, and the software 
must provide more. These cases are called exceptions 
since they do not normally arise. 

Special host software will handle numeric error excep- 
tions when they infrequently occur. In these cases, 
numeric exceptions are expected to be recoverable 
although not requiring immediate service by the host. In 
effect, these exceptions extend the functionality of the 
NDP. Examples of extensions are: normalized only 
arithmetic, extending the register stack to memory, or 
tracing special data values. 





Ri R 2 R 3 


Figure 12. Infinity Arithmetic Example 
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HOST INTERRUPT OVERVIEW 

The host has only two possible interrupt inputs, a non- 
maskable interrupt (NMI) and a maskable interrupt 
(INTR). Attaching the 8087 INT pin to the NMI input is 
not recommended. The following problems arise: NMI 
cannot be masked, it is usually reserved for more impor- 
tant functions like sanity timers or loss of power signal, 
and Intel supplied software for the NDP will not sup- 
port NMI interrupts. The INTR input pf the host allows 
interrupt masking in the CPU, using an Intel 825 9 A 
Programmable Interrupt Controller (PIC) to resolve 
multiple interrupts, and has Intel support. 

NUMERIC INTERRUPT CHARACTERISTICS 

Numeric error interrupts are different from regular in- 
struction error interrupts like divide by zero. Numeric 
interrupts from the 8087 can occur long after the 
ESCAPE instruction that started the failing operation. 
For example, after starting a numeric multiply opera- 
tion, the host may respond to an external interrupt and 
be in the process of servicing it when the 8087 detects an 
overflow error. In this case the interrupt is a result of 
some earlier, unrelated program. 

From the point of view of the currently executing inter- 
rupt handler, numeric interrupts can come from only 
two sources: the current handler or a lower priority pro- 
gram. 


To explicitly disable numeric interrupts, it is recom- 
mended that numeric interrupts be disabled at the 8087. 
The code example of Figure 13 shows how to disable 
any pending numeric interrupts then reenable them at 
the end of the handler. This code example can be safely 
placed in any routine which must prevent numeric inter- 
rupts from occurring. Note that the ESCAPE instruc- 
tions act as NOPs if an 8087 is not present in the system. 
It is not recommended to use numeric mnemonics since 
they may be converted to emulator calls, which run 
comparatively slow, if the 8087 emulator used. 

Interrupt systems have specific functions like fast 
response to external events or periodic execution of 
system routines. Adding an 8087 interrupt should not 
effect these functions. Desirable goals of any 8087 inter- 
rupt configuration arfi: 

— Hide numeric interrupts from interrupt handlers that 
don’t use the 8087. Since they didn’t cause the 
numeric interrupt why should they be interrupted? 

— Avoid adding code to interrupt handlers that don’t 
use the 8087 to prevent interruption by the 8087. 

— Allow other higher priority interrupts to be serviced 
while executing a numeric exception handler. 

— Provide numeric exception handling for interrupt 
service routines which use the 8087. 

— Avoid deadlock as described in a later section 
(page 24) 


Disable any possible numeric interrupt from the 8087. This code is safe to place in any 
procedure. If an 8087 is not present, the ESCAPE instructions will act as. nops. These 
instructions are not affected by the TEST pin of the host. Using the 8087 emulator will not 
convert these instructions into interrupts. A word variable, called control, is required to hold 
the 8087 control word. Control must not be changed until it is reloaded into the 8087. 


ESC 

15, control 

; (FNSTCW) Save current 8087 control word 

NOP 


; Delay while 8087 saves current control 

NOP 


; register value 

ESC 

28, cx 

; (FNDISI) Disable any 8087 interrupts 


Set IEM bit in 8087 control register 
The contents of cx is irrelevant 
Interrupts can now be enabled 


(Your Code Here) 

; Reenable any pending interrupts in the 8087. This instruction does not disturb any 8087 instruction 
; currently in progress since all it does is change the IEM bit in the control register. 

TEST control, 80H ; Look at IEM bit 

JNZ $ + 4 ; If IEM = 1 skip FNENI 

ESC 28, ax ; (FNENI) reenable 8087 interrupts 


Figure 13. Inhibit/Enable 8087 Interrupts 
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Recommended Interrupt Configurations 

Five categories cover most uses of the 8087 interrupt in 
fixed priority interrupt systems. For each category, an 
interrupt configuration is suggested based on the goals 
mentioned above. 

1. All errors on the 8087 are always masked. 
Numeric interrupts are not possible. Leave the 
8087 INT signal unconnected. 

2. The 8087 is the only interrupt in the system. Con- 
nect the 8087 INT signal directly to the host’s 
INTR input. (See Figure 14 on page 19). A bus 
driver supplies interrupt vector 10 16 for com- 
patibility with Intel supplied software. 

3. The 8087 interrupt is a stop everything event. 
Choose a high priority interrupt input that will ter- 
minate all numerics related activity. This is a 
special case since the interrupt handler may never 
return to the point of interruption (i.e. reset the 
system and restart rather than attempt to continue 
operation). 

4. Numeric exceptions or numeric programming er- 
rors are expected and all interrupt handlers either 
don’t use the 8087 or only use it with all errors 
masked. Use the lowest priority interrupt input. 
The 8087 interrupt handler should allow further 
interrupts by higher priority events. The PIC’s 
priority system will automatically prevent the 8087 
from disturbing other interrupts without adding 
extra code to them. 


5. Case 4 holds except that interrupt handlers may 
also generate numeric interrupts. Connect the 8087 
INT signal to multiple interrupt inputs. One input 
would still be the lowest priority input as in case 4. 
Interrupt handlers that may generate a numeric in- 
terrupt will require another 8087 INT connection 
to the next highest priority interrupt. Normally the 
higher priority numeric interrupt inputs would be 
masked and the low priority numeric interrupt 
enabled. The higher priority interrupt input would 
be unmasked only when servicing an interrupt 
which requires 8087 exception handling. 

All of these configurations hide the 8087 from all inter- 
rupt handlers which do not use the 8087. Only those in- 
terrupt handlers that use the 8087 are required to per- 
form any special 8087 related interrupt control ac- 
tivities. 

A conflict can arise between the desired PIC interrupt 
input and the required interrupt vector of 10 ig for com- 
patibility with Intel software for numeric interrupts. A 
simple solution is to use more than one interrupt vector 
for numeric interrupts, all pointing at the same 8087 in- 
terrupt handler. Design the numeric interrupt handler 
such that it need not know what the interrupt vector was 
(i.e. don’t use, specific EOI commands). 

If an interrupt system uses rotating interrupt priorities, 
it will not matter which interrupt input is used. 
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Figure 14. iAPX 86/20 With Numerics Interrupt Only 
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GETTING STARTED IN SOFTWARE 

Now we are ready to run numeric programs. Developing 
numeric software will be a new experience to some pro- 
grammers. This section of the application note is aimed 
at describing the programming environment and pro- 
viding programming guidelines for the NPX. The term 
NPX is used to emphasize that no distinction is made 
between the 8087 component or an emulated 8087. 

Two major areas of numeric software can be identified: 
systems software and applications software. Products 
such as iRMX™ 86 provide system software as an off- 
the-shelf product. Some applications use specially 
developed systems software optimized to their needs. 

Whether the system software is specially tailored or 
common, they share issues such as using concurrency, 
maintaining synchronization between the host and 8087, 
and establishing programming conventions. Appli- 
cations software directly performs the functions of the 
application. All applications will be concerned with ini- 
tialization and general programming rules for the NPX. 
Systems software will be more concerned with context 
switching, use of the NPX by interrupt handlers, and 
numeric exception handlers. 


How to Initialize the NPX 

The first action required by the NPX is initialization. 
This places the NPX in a known state, unaffected by 
other activity performed earlier. This initialization is 
similar to that caused by the RESET signal of the 8087. 
All the error masks are set, all registers are tagged 
empty, the TOP field is set to 0, default rounding, pre- 
cision, and infinity controls are set. The 8087 emulator 
requires more initialization than the component. Before 
the emulator may be used, all its interrupt vectors must 
be set to point to the correct entry points within the 
emulator. 

To provide compatibility between the emulator and 
component in this special case, a call to an external pro- 
cedure should be used before the first numeric instruc- 
tion. In ASM86 the programmer must call the external 
function INIT87. (Fig. 15). For PLM86, the 
programmer must call the built-in function 
INIT$REAL$MATH$UNIT. PLM86 will call INIT87 
when executing the INIT$REAL$MATH$UNIT built- 
in function. 

The function supplied for INIT87 will be different, 
depending on whether the emulator library, called 
E8087.LIB, or component library, called 8087. LIB, 
were used at link time. INIT87 will execute either an 
FNINIT instruction for the 8087 or initialize the 8087 
emulator interrupt vectors, as appropriate. 


Concurrency Overview 

With the NPX initialized, the next step in writing a 
numeric program is learning about concurrent execution 
within the NDP. 

Concurrency is a special feature of the 8087, allowing it 
and the host to simultaneously execute different instruc- 
tions. The 8087 emulator does not provide concurrency 
since it is implemented by the host. 

The benefit of cpncurrency to an application is higher 
performance. All Intel high level languages automatic- 
ally provide for and manage concurrency in the NDP. 
However, in exchange for the added performance, the 
assembly language programmer must understand and 
manage some areas of concurrency. This section is for 
the assembly language programmer or well-informed, 
high level language programmer. 

Whether the 8087 emulator or component is used, care 
should be taken by the assembly language programmer 
to follow the rules described below regarding synchro- 
nization. Otherwise, the program may not function cor- 
rectly with current or future alternatives for implement- 
ing the NDP. 

Concurrency is possible in the NDP because both the 
host and 8087 have separate arithmetic and control 
units. The host and coprocessor automatically decide 
who will perform any single instruction. The existence 
of the 8087 as a separate unit is not normally apparent. 

Numeric instructions, which will be executed by the 
8087, are simply placed in line with the instructions for 
the host. Numeric instructions are executed in the same 
order as they are encountered by the host in its instruc- 
tion stream. Since operations performed by the 8087 
generally require more time than operations performed 
by the host, the host can execute several of its instruc- 
tions while the 8087 performs one numeric operation. 


IN PLM86: 

CALL INIT$REAL$MATH$UNIT; 

IN ASM86: 

EXTRN !NIT87:FAR 


CALL INIT87 


Figure 15. 8087 Initialization 
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MANAGING CONCURRENCY 

Concurrent execution of the host and 8087 is easy to 
establish and maintain. The activities of numeric pro- 
grams can be split into two major areas: program con- 
trol and arithmetic. The program control part performs 
activities like deciding what functions to perform, calcu- 
lating addresses of numeric operands, and loop control. 
The arithmetic part simply performs the adds, sub- 
tracts, multiplies, and other operations on the numeric 
operands. The NPX and host are designed to handle 
these two parts separately and efficiently. 

Managing concurrency is necessary because the arithme- 
tic and control areas must converge to a well-defined 
state when starting another numeric operation. A well- 
defined state means all previous arithmetic and control 
operations are complete and valid. 

Normally, the host waits for the 8087 to finish the cur- 
rent numeric operation before starting another. This 
waiting is called synchronization. 

Managing concurrent execution of the 8087 involves 
three types of synchronization: instruction, data, and 
error. Instruction and error synchronization are 
automatically provided by the compiler or assembler. 
Data synchronization must be provided by the assembly 
language progammer or compiler. 


Instruction Synchronization 

Instruction synchronization is required because the 8087 
can only perform one numeric operation at a time. Be- 
fore any numeric operation is started, the 8087 must 
have completed all activity from previous instructions. 

The WAIT instruction on the host lets it wait for the 
8087 to finish all numeric activity before starting an- 
other numeric instruction. The assembler automatically 
provides for instruction synchronization since a WAIT 
instruction is part of most numeric instructions. A 
WAIT instruction requires 1 byte code space and 2.5 
clocks average execution time overhead. 

Instruction synchronization as provided by the assem- 
bler or a compiler allows concurrent operation in the 
NDP. An execution time comparison of NDP concur- 
rency and non-concurrency is illustrated in Figure 16. 
The non-concurrent program places a WAIT instruction 
immediately after a multiply instruction ESCAPE in- 
struction. The 8087 must complete the multiply opera- 
tion before the host executes the MOY instruction on 
statement 2. In contrast, the concurrent example allows 
the host to calculate the effective address of the next 
operand while the 8087 performs the multiply. The ex- 
ecution time of the concurrent technique is the longest 
of the host’s execution time from line 2 to 5 and the ex- 
ecution time of the 8087 for a multiply instruction. The 
execution time of the non-concurrent example is the 
sum of the execution times of statements 1 to 5. 


; This code macro defines two instructions which do not allow any concurrency of execution with 
; the host. A register version and memory version of the instruction is shown. It is assumed that the 
; 8087 is always idle from the previous instruction. Allow space for emulator fixups. 

R233 Record RF6:2, Mid3:3, RF7:3 
CodeMacro NCMUL dst:T, src:F 
RNfix 000 B 
R233 (11B, 001 B, src) 

RWfix 

EndM 

CodeMacro NCMUL memopiMq 
RNfixM 100B, memop 
ModRM 001 B, memop 
RWfix 
EndM 

Statement Concurrent Non Concurrent 


1 

FMUL 

st(0), st(1) 

NCMUL 

st(0), st(1) 

2 

MOV 

ax, size A 

MOV 

ax, size A 

3 

MUL 

index 

MUL 

index 

4 

MOV 

bx, ax 

MOV 

bx, ax 

5 

FMUL 

A [bx] 

NCMUL 

A [bx] 


Figure 16. Concurrent Versus Non-Concurrent Program 
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Data Synchronization 

Managing concurrency requires synchronizing data ref- 
erences by the host and 8087. 

Figure 17 shows four possible cases of the host and 8087 
sharing a memory value. The second two cases require 
the FWAIT instruction shown for data synchronization. 
In the first two cases, the host will finish with the 
operand I before the 8087 can reference it. The 
coprocessor interface guarantees this. In the second two 
cases, the host must wait for the 8087 to finish with the 
memory operand before proceeding to reuse it. The 
FWAIT instruction in case 3 forces the host to wait for 
the 8087 to read I before changing it. In case 4, the 
FWAIT prevents the host from reading I before the 
8087 sets its value. 

Obviously, the programmer must recognize any form of 
the two cases shown above which require explicit data 
synchronization. Data synchronization is not a concern 
when the host and 8087 are using different memory 
operands during th^ course of one numeric instruction. 
Figure 16 shows such an example of the host performing 
activity unrelated to the current numeric instruction 
being executed by the 8087. Correct recognition of these 
cases by the programmer is the price to be paid for pro- 
viding concurrency at the assembly language level. 

Automatic Data Synchronization 

Two methods exist to avoid the need for manual recog- 
nition of when data synchronization is needed: use a 
high level language which will automatically establish 
concurrency and manage it, or sacrifice some perfor- 
mance for automatic data synchronization by the as- 
sembler. 

When a high level language is not adequate, the 
assembler can be changed to always place a WAIT in- 
struction after the ESCAPE instruction. Figure 18 
shows an example of how to change the ASM86 code 
macro for the FIST instruction to automatically place 
an FWAIT instruction after the ESCAPE instruction. 
The lack of any possible concurrent execution between 
the host and 8087 while the FIST instruction is executing 
is the price paid for automatic data synchronization. 

An explicit FWAIT instruction for data synchroniza- 
tion, can be eliminated by using a subsequent numeric 
instruction. After this subsequent instruction has 
started execution, all memory references in earlier 
numeric instructions are complete. Reaching the next 
host instruction after the synchronizing numeric instruc- 
tion indicates previous numeric operands in memory are 
available. 


The data synchronization purpose of any FWAIT or 
numeric instruction must be well documented. Other- 
wise, a change to the program at a later time may 
remove the synchronizing numeric instruction, causing 
program failure, as: 

FISTP I 

FMUL 

MOV AX, I ; I is safe to use 


Case 1: 

MOV 

FILD 

1, 1 
1 

Case 3: 

FILD 

FWAIT 

MOV 

i 

1,5 

Case 2: 

MOV 

FISTP 

AX, 1 
1 

Case 4: 

FISTP 

FWAIT 

MOV 

1 

AX,I 


Figure 17. Data Exchange Example 


; This is a code macro to redefine the FIST 
; instruction to prevent any concurrency 
; while the instruction runs. A wait 

; instruction is placed immediately after the 
; escape to ensure the store is done 

; before the program may continue. This 

; code macro will work with the 8087 

; emulator, automatically replacing the 
; wait escape with a nop. 

CodeMacro FIST memop: Mw 
RfixM 1 1 1 B, memop 
ModRM 010B, memop 
RWfix 
EndM 


Figure 18. Non-Concurrent FIST Instruction 
Code Macro 


\ 
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DATA SYNCHRONIZATION RULES EXCEPTIONS 

There are five exceptions to the above rules for data syn- 
chronization. The 8087 automatically provides data syn- 
chronization for these cases. They are necessary to 
avoid deadlock (described on page 24). The instructions 
FSTSW/FNSTSW, FSTCW/FNSTCW, FLDCW, 
FRSTOR, and FLDENV do not require any waiting by 
the host before it may read or modify the referenced 
memory location. 

The 8087 provides the data synchronization by prevent- 
ing the host from gaining control of the local bus while 
these instructions execute. If the host cannot gain con- 
trol of the local bus, it cannot change a value before the 
8087 reads it, or read a value before the 8087 writes into 
it. 

The coprocessor interface guarantees that, when the 
host executes one of these instructions, the 8087 will 
immediately request the local bus from the host. This 
request is timed such that, when the host finishes the 
read operation identifying the memory operand, it will 
always grant the local bus to the 8087 before the host 
may use the local bus for a data reference while execut- 
ing a subsequent instruction. The 8087 will not release 
the local bus to the host until it has finished executing 
the numeric instruction. 


Error Synchronization 

Numeric errors can occur on almost any numeric in- 
struction at any time during its execution. Page 15 
describes how a numeric error may have many inter- 
pretations, depending on the application. Since the re- 
sponse to a numeric error will depend on the applica- 
tion, this section covers topics common to all uses of the 
NPX. We will review why error synchronization is need- 
ed and how it is provided. 

Concurrent execution of the host and 8087 requires syn- 
chronization for errors just like data references and 
numeric instructions. In fact, the synchronization re- 
quired for data and instructions automatically provides 
error synchronization. 

However, incorrect data or instruction synchronization 
may not cause a problem until a numeric error occurs. A 
further complication is that a programmer may not ex- 
pect his numeric program to cause numeric errors, but 
in some systems they may regularly happen. To better 
understand these points, let’s look at what can happen 
when the NPX detects an error. 


ERROR SYNCHRONIZATION FOR EXTENSIONS 

The NPX can provide a default fixup for all numeric 
errors. A program can mask each individual error type 
to indicate that the NPX should generate a safe, reason- 
able result. The default error fixup activity is simply 
treated as part of the instruction which caused the error. 

No external indication of the error will be given. A flag 
in the numeric status register will be set to-indicate that 
an error was detected, but no information regarding 
where or when will be available. 

If the NPX performs its default action for all errors, 
then error synchronization is never exercised. But this is 
no reason to ignore error synchronization. 

Another alternative exists to the NPX default fixup of 
an error. If the default NPX response to numeric errors 
is not desired, the host can implement any form of re- 
covery desired for any numeric error detectable by the 
NPX. When a numeric error is unmasked, and the error 
occurs, the NPX will stop further execution of the 
numeric instruction. The 8087 will signal this event on 
the INT pin, while the 8087 emulator will cause inter- 
rupt 10 16 to occur. The 8087 INT signal is normally con- 
nected to the host’s interrupt system. Refer to page 18 
for further discussion on wiring the 8087 INT pin. 

Interrupting the host is a request from the NPX for 
help. The fact that the error was unmasked indicates ^ 
that further numeric program execution under the arith- 
metic and programming rules of the NPX is unreason- 
able. Error synchronization serves to insure the NDP is 
in a well defined state after an unmasked numeric error 
occured. Without a well defined state, it is impossible to 
figure out why the error occured. 

Allowing a correct analysis of the error is the heart of 
error synchronization. 

NDP ERROR STATES 

If concurrent execution is allowed, the state of the host 
when it recognizes the interrupt is undefined. The host 
may have changed many of its internal registers and be 
executing a totally different program by the time it is in- 
terrupted. To handle this situation, the NPX has special 
registers updated at the start of each numeric instruction 
to describe the state of the numeric program when the 
failed instruction was attempted. (See Lit. Ref. p. iii) 

Besides programmer comfort, a well-defined state is im- 
portant for error recovery routines. They can change the 
arithmetic and programming rules of the 8087. These 
changes may redefine the default fixup from an error, 
change the appearance of the NPX to the programmer, 
or change how arithmetic is defined on the NPX. 
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EXTENSION EXAMPLES 

A change to an error response might be to automatically 
normalize all denormals loaded from memory. A 
change in appearance might be extending the register 
stack to memory to provide an “infinite* * number of 
numeric registers. The arithmetic of the 8087 can be 
changed to automatically extend the precision and range 
of variables when exceeded. All these functions can be 
implemented on the NPX via numeric errors and 
associated recovery routines in a manner transparent to 
the programmer. 

Without correct error synchronization, numeric 
subroutines will not work correctly in the above situa- 
tions. 

Incorrect Error Synchronization 

An example of how some instructions written without 
error synchronization will work initially, but fail when 
moved into a new environment is: 

FILD COUNT 

INC COUNT 

FSQRT 

Three instructions are shown to load an integer, calcu- 
late its square root, then increment the integer. The 
coprocessor interface of the 8087 and synchronous ex- 
ecution of the 8087 emulator will allow this program to 
execute correctly when no errors occur on the FILD in- 
struction. 

But, this situation changes if the numeric register stack 
is extended to memory on an 8087. To extend the NPX 
stack to memory, the invalid error is unmasked. A push 
to a full register or pop from an empty register will 
cause an invalid error. The recovery routine for the er- 
ror must recognize this situation, fixup the stack, then 
perform the original operation. 

The recovery routine will not work correctly in the ex- 
ample. The problem is that there is no guarantee that 
COUNT will not be incremented before the 8087 can in- 
terrupt the host. If COUNT is incremented before the 
interrupt, the recovery routine will load a value of 
COUNT one too large, probably causing the program to 
fail. 

Error Synchronization and WAITs 

Error synchronization relies on the WAIT instructions 
required by instruction and data synchronization and 
the INT and BUSY signals of the 8087. When an un- 
masked error occurs in the 8087, it asserts the BUSY 
and INT signals. The INT signal is to interrupt the host, 
while the BUSY signal prevents the host from destroy- 
ing the current numeric context. 


The BUSY signal will never go inactive during a numeric 
instruction which asserts INT. 

The WAIT instructions supplied for instruction syn- 
chronisation prevent the host from starting another 
numeric instruction until the current error is serviced. In 
a like manner, the WAIT instructions required for data 
synchronization prevent the host from prematurely 
reading a value not yet stored by the 8087, or over- 
writing a value not yet read by the 8087. 

The host has two responsibilities when handling 
numeric errors. 1.) It must not disturb the numeric con- 
text when an error is detected, and 2.) it must clear the 
numeric error and attempt recovery from the error. The 
recovery program invoked by the numeric error may 
resume program execution after proper fixup, display 
the state of the NDP for programmer action, or simply 
abort the program. In any case, the host must do 
something with the 8087. With the INT and BUSY 
signals active, the 8087 cannot perform any useful 
work. Special instructions exist for controlling the 8087 
when in this state. Later, an example is given of how to 
save the state of the NPX with an error pending. (See 
page 29) 


Deadlock 

An undesirable situation may result if the host cannot 
be interrupted by the 8087 when asserting INT. This sit- 
uation, called deadlock, occurs if the interrupt path 
, from the 8087 to the host is broken. 

The 8087 BUSY signal prevents the host from executing 
further instructions (for instruction or data syn- 
chronization) while the 8087 waits for the host to service 
the exception. The host is waiting for the 8087 to finish 
the current numeric operation. Both the host and 8087 
are waiting on each other. This situation is stable unless 
the host is interrupted by some other event. 

Deadlock has varying affects on the NDP*s perfor- 
mance. If no other interrupts in the system are possible, 
the NDP will wait forever. If other interrupts can arise, 
then the NDP can perform other functions, but the af- 
fected numeric program will remain “frozen**. 

SOLVING DEADLOCK 

Finding the break in the interrupt path is simple. Look 
for disabled interrupts in the following places: masked 
interrupt enable in the host, explicitly masked interrupt 
request in the interrupt controller, implicitly masked in- 
terrupt request in the interrupt controller due to a higher 
priority interrupt in service, or other gate functions, 
usually in TTL, on the host interrupt signal. 
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DEADLOCK AVOIDANCE 

Application programmers should not be concerned with 
deadlock. Normally, applications programs run with 
unmasked numeric errors able to interrupt them. Dead- 
lock is not possible in this case. Traditionally, systems 
software or interrupt handlers may run with numeric in- 
terrupts disabled. Deadlock prevention lies in this do- 
main. The golden rule to abide by is: “Never wait on the 
8087 if an unmasked error is possible and the 8087 inter- 
rupt path may be broken.” 

Error Synchronization Summary 

In summary, error synchronization involves protecting 
the state of the 8087 after an exception. Although not all 
applications may initially require error synchronization, 
it is just good programming practice to follow the rules. 
The advantage of being a “good” numerics program- 
mer is generality of your program so it can work in 
other, more general environments. 

Summary 

Synchronization is the price for concurrency in the 
NDP. Intel high level language compilers will auto- 
matically provide concurrency and manage it with syn- 
chronization. The assembly language programmer can 
choose between using concurrency or not. Placing a 
WAIT instruction immediately after any numeric in- 
struction will prevent concurrency and avoid synchro- 
nization concerns. 

The rules given above are complete and allow concur- 
rency to be used to full advantage. 

Synchronization and the Emulator 

The above discussion on synchronization takes on 
special meaning with the 8087 emulator. The 8087 emu- 
lator does not allow any concurrency. All numeric 
operand memory references, error tests, and wait for 
instruction completion occur within the emulator. As a 
result, programs which do not provide proper instruc- 
tion, data, or error synchronization may work with the 
8087 emulator while failing on the component. 

Correct programs for the 8087 work correctly on the 
emulator. 

Special Control Instructions of the NPX 

The special control instructions of the NPX: FNINIT, 
FNSAVE, FNSTENV, FRSTOR, FLDENV, FLDCW, 
FNSTSW, FNSTCW, FNCLEX, FNENI, and FNDISI 
remove some of the synchronization requirements men- 
tioned earlier. They are discussed here since they repre- 
sent exceptions to the rules mentioned on page 21. 

The instructions FNINIT, FNSAVE, FNSTENV, 
FNSTSW, FNCLEX, FNENI, and FNDISI do not wait 


for the current numeric instruction to finish before they 
execute. Of these instructions, FNINIT, FNSTSW, 
FNCLEX, FNENI and FNDISI will produce different 
results, depending on when they are executed relative to 
the current numeric instruction. 

For example, FNCLEX will cause a different status 
value to result from a concurrent arithmetic operation, 
depending on whether is is executed before or after the 
error status bits are updated at the end of the arithmetic 
operation. The intended use of FNCLEX is to clear a 
known error status bit which has caused BUSY to be 
asserted, avoiding deadlock. 

FNSTSW will safely, without deadlock, report the busy 
and error status of the NPX independent of the NDP in- 
terrupt status. 

FNINIT, FNENI, and FNDISI are used to place the 
NPX into a known state independent of its current 
state. FNDISI will prevent an unmasked error from 
asserting BUSY without disturbing the current error 
status bits. Appendix A shows an example of using 
FNDISI. 

The instructions FNSAVE and FNSTENV provide spe- 
cial functions. They allow saving the state of the NPX in 
a single instruction when host interrupts are disabled. 

Several host and numeric instructions are necessary to 
save the NPX status if the interrupt status of the host is 
unknown. Appendix A and B show examples of saving 
the NPX state. As the Numerics Supplement explains, 
host interrupts must always be disabled when executing 
FNSAVE or FNSTENV. 

The seven instructions FSTSW/FNSTSW, FSTCW/ 
FNSTCW, FLDCW, FLDENV, and FRSTOR do not 
require explicit WAIT instructions for data synchro- 
nization. All of these instructions are used to interrogate 
or control the numeric context. 

Data synchronization for these instructions is 
automatically provided by the coprocessor interface. 
The 8087 will take exclusive control of the memory bus, 
preventing the host from interfering with the data values 
before the 8087 can read them. Eliminating the need for 
a WAIT instruction avoids potential deadlock pro- 
blems. 

The three load instructions FLDCW, FLDENV, and 
FRSTOR can unmask a numeric error, activating the 
8087 BUSY signal. Such an error was the result of a 
previous numeric instruction and is not related to any 
fault in the instruction. 

Data synchronization is automatically provided since 
the host’s interrupts are usually disabled in context swit- 
ching or interrupt handling, deadlock might result if the 
host executed a WAIT instruction with its interrupts 
disabled after these instructions. After the host inter- 
rupts are enabled, an interrupt will occur if an unmask- 
ed error was pending. 
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PROGRAMMING TECHNIQUES 

The NPX provides a stack-oriented register set with 
stack-oriented instructions for numeric operands. These 
registers and instructions are optimized for numeric 
programs. For many programmers, these are new re- 
sources with new programming options available. 

Using Numeric Registers and 
Instructions 

The register and instruction set of the NDP is optimized 
for the needs of numeric and general purpose programs. 
The host CPU provides the instructions and data types 
needed for general purpose data processing, while the 
8087 provides the data types and instructions for 
numeric processing. 

The instructions and data types recognized by the 8087 
are different from the CPU because numeric program 
requirements are different from those of general pur- 
pose programs. Numeric programs have long arithmetic 
expressions where a few temporary values are used in a 
few statements. Within these statements, a single value 
may be referenced many times. Due to the time involved 
to transfer values between registers and memory, a 
significant speed optimization is possible by keeping 
numbers in the NPX register file. 

In contrast, a general data processor is more concerned 
with addressing data in simple expressions and testing 
the results. Temporary values, constant across several 
instructions, are not as common nor is the penalty as 
large for placing them in memory. As a result it is 
simpler for compilers and programmers to manage 
memory based values. 


NPX Register Usage 

The eight numeric registers in the NDP are stack ori- 
ented. All numeric registers are addressed relative to a 
value called the TOP pointer, defined in the hJDP status 
register. A register address given in an instruction is ad- 
ded to the TOP value to form the internal absolute ad- 
dress. Relative addressing of numeric registers has ad- 
vantages analogous to those of relative addressing of 
memory operands. 

Two modes are available for addressing the numeric 
registers. The first mode implicitly uses the top and op- 
tional next element on the stack for operands. This 
mode does not require any addressing bits in a numeric 
instruction. Special purpose instructions use this mode 
since full addressing flexibility is not required. 

The other addressing mode allows any other stack ele- 
ment to be used together with the top of stack register. 
The top of stack or the other register may be specified as 
the destination. Most two-operand arithmetic instruc- 
tions allow this addressing mode. Short, easy to develop 
numeric programs are the result. 

Just as relative addressing of memory operands avoids 
concerns with memory allocation in other parts of a 
program, top relative register addressing allows registers 
to be used without regard for numeric register assign- 
ments in other parts of the program. 

STACK RELATIVE ADDRESSING EXAMPLE 

Consider an example of a main program calling a 
subroutine, each using register addressing independent 
of the other. (Fig. 19) By using different values of the 
TOP field, different software can use the same relative 
register addresses as other parts of the program, but 
refer to different physical registers. 


MAIN_PROGRAM: 


FLD 

A 


FADD 

ST, ST(1) 


CALL 

SUBROUTINE 

; Argument is in ST(0) 

FSTP 

B 


SUBROUTINE: 

FLD 

ST 

; ST(0) = ST(1) = Argument 

FSQRT 


; Main program ST(1) is 

FADD 

C 

; safe in ST(2) here 

FMULP 

ST(1), ST 


RET 




Figure 19. Stack Relative Addressing Example 
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Of course, there is a limit to any physical resource. The 
NDP has eight numeric registers. Normally, program- 
mers must ensure a maximum of eight values are pushed 
on the numeric register stack at any time. For time- 
critical inner loops of real-time applications, eight regis- 
ters should contain all the values needed. 

REGISTER STACK EXTENSION 

This hardware limitation can be hidden by software. 
Software can provide “virtual* * numeric registers, ex- 
panding the register stack size to 6000 or more. 

i 

The numeric register stack can be extended into memory 
via unmasked numeric invalid errors which cause an in- 
terrupt on stack overflow or underflow. The interrupt 
handler for the invalid error would manage a memory 
image of the numeric stack copying values into and out 
of memory as needed. 

The NPX will contain all the necessary information to 
identify the error, failing instruction, required registers, 
and destination register. After correcting for the missing 
hardware resource, the original numeric operation 
could be repeated. Either the original numeric instruc- 
tion could be single stepped or the affect of the instruc- 
tion emulated by a composite of table-based numeric in- 
structions executed by the error handler. 

With proper data, error, and instruction synchroniza- 
tion, the activity of the error handler will be transparent 
to programs. This type of extension to the NDP allows 
programs to push and pop numeric registers without 
regard for their usage by other subroutines. 

Programming Conventions 

With a better understanding of the stack registers, let’s 
consider some useful programming conventions. Fol- 
lowing these conventions ensures compatibility with 
Intel support software and high level language calling 
conventions. 

1) If the numeric registers are not extended to 
memory, the programmer must ensure that the 
number of temporary values left in the NPX stack 
and those registers used by the caller does not exceed 
8. Values can be stored to memory to provide enough 
free NPX registers. 

2) Pass the first seven numeric parameters to a subrou- 
tine in the numeric stack registers. Any extra param- 
eters can be passed on the host’s stack. Push the 
values on the register or memory stack in left to right 
order. If the subroutine does not need to allocate any 
more numeric registers, it can execute solely out of 
the numeric register stack. The eighth register can be 
used for arithmetic operations. All parameters 
should be popped off when the subroutine com- 
pletes. 


3) Return all numeric values on the numeric stack. The 
caller may now take advantage of the extended preci- 
sion and flexible store modes of the NDP. 

4) Finish all memory reads or writes by the NPX before 
exiting any subroutine. This guarantees correct data 
and error synchronization. A numeric operation 
based solely on register contents is safe to leave run- 
ning on subroutine exit. 

5) The operating mode of the NDP should be transpar- 
ent across any subroutine. The operating mode is 
defined by the control word of the NDP. If the sub- 
routine needs to use a different numeric operating 
mode than that of the caller, the subroutine should 
first save the current control word, set the new oper- 
ating mode, then restore the original control word 
when completed. 


PROGRAMMING EXAMPLES 

The last section of this application note will discuss five 
programming examples. These examples were picked to 
illustrate NDP programming techniques and commonly 
used functions. All have been coded, assembled, and 
tested. However, no guarantees are made regarding 
their correctness. 

The programming examples are: saving numeric 
context switching, save numeric context without 
FS A VE/FN SAVE , converting ASCII to floating point, 
converting floating point to ASCII, and trigonometric 
functions. Each example is listed in a different appendix 
with a detailed written description in the following text. 
The source code is available in machine readable form 
from the Intel Insite User’s Library, “Interactive 8087 
Instruction Interpreter,” catalog item AA20. 

The examples provide some basic functions needed to 
get started with the numeric data processor. They work 
with either the 8087 or the 8087 emulator with no source 
changes. 

The context switching examples are needed for 
operating systems or interrupt handlers which may use 
numeric instructions and operands. Converting between 
floating point and decimal ASCII will be needed to in- 
put or output numbers in easy to read form. The trigo- 
nometric examples help you get started with sine or 
cosine functions and can serve as a basis for optimiza- 
tions if the angle arguments always fall into a restricted 
range. 
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APPENDIX A 


OVERVIEW ^ 

Appendix A shows deadlock-free examples of numeric 
context switching. Numeric context switching is re- 
quired by interrupt handlers which use the NPX and 
operating system context switchers. Context switching 
consists of two basic functions, save the numeric con- 
text and restore it. These functions must work indepen- 
dent of the current state of the NPX. 

Two versions of the context save function are shown. 
They use different versions of the save context instruc- 
tion. The FNSAVE/FSAVE instructions do all the work 
of saving the numeric context. The state of host inter- 
rupts will decide which instruction to use. 

Using FNSAVE 

The FNSAVE instruction is intended to save the NPX 
context when host interrupts are disabled. The host does 
not have to wait for the 8087 to finish its current opera- 
tion before starting this operation. Eliminating the in- 
struction synchronization wait avoids any potential 
deadlock. 

The 8087 Bus Interface Unit (BIU) will save this instruc- 
tion when encountered by the host and hold it until the 
8087 Floating point Execution Unit (FEU) finishes its 
current operation. When the FEU becomes idle, the 
BIU will start the FEU executing the save context opera- 
tion. 

The host can execute other non-numeric instructions 
after the FNSAVE while the BIU waits for the FEU to 
finish its current operation. The code starting at 
NO__INT_NPX_SAVE shows how to use the 
FNSAVE instruction. 

When executing the FNSAVE instruction, host inter- 
rupts must be disabled to avoid recursions of the in- 
struction. The 8087 BIU can hold only one FNSAVE in- 
struction at a time. If host interrupts were not disabled, 
another host interrupt might cause a second FNSAVE 
instruction to be executed, destroying the previous one 
saved in the 8087 BIU. 

It is not recommended to explicitly disable host inter- 
rupts just to execute an FNSAVE instruction. In 
general, such an operation may not be the best course of 
action or even be allowed. 

If host interrupts are enabled during the NPX context 
save function, it is recommended to use the FSAVE in- 
struction as shown by the code starting at NPX_SAVE. 
This example will always work, free of deadlock, in- 
dependent of the NDP interrupt state. 


Using FSAVE 

The FSAVE instruction performs the same operation as 
FNSAVE but it uses standard instruction synchroniza- 
tion. The host will wait for the FEU to be idle before 
initiating the save operation. Since the host ignores all 
interrupts between completing a WAIT instruction and 
starting the following ESCAPE instruction, the FEU is 
ready to immediately accept the operation (since it is not 
signalling BUSY). No recursion of the save context 
operation in the BIU is possible. However, deadlock 
must be considered since the host executes a WAIT in- 
struction. 

To avoid deadlock when using the FSAVE instruction, 
the 8087 must be prevented from signalling BUSY when 
an unmasked error exists. 

The Interrupt Enable Mask (IEM) bit in the NPX con- 
trol word provides this function. When IEM = 1, the 
8087 will not signal BUSY or INT if an unmasked error 
exists. The NPX instruction FNDISI will set the IEM in- 
dependent of any pending errors without causing 
deadlock or any other errors. Using the FNDISI and 
FSAVE instructions together with a few other glue in- 
structions allows a general NPX context save function. 

Standard data and instruction synchronization is re- 
quired after executing the FNSAVE/FSAVE instruc- 
tion. The wait instruction following an FNSAVE/ 
FSAVE instruction is always safe since all NPX errors 
will be masked as part of the instruction execution. 
Deadlock is not possible since the 8087 will eventually 
signal not busy, allowing the host to continue on. 


PLACING THE SAVE CONTEXT FUNCTION 

Deciding on where to save the NPX context in an inter- 
rupt handler or context switcher is dependent on 
whether interrupts can be enabled inside the function. 
Since interrupt latency is measured in terms of the max- 
imum time interrupts are disabled, the maximum wait 
time of the host at the data synchronizing wait instruc- 
tion after the FNSAVE or the FSAVE instruction is im- 
portant if host interrupts are disabled while waiting. 

The wait time will be the maximum single instruction 
execution time of the 8087 plus the execution time of the 
save operation. This maximum time will be approxi- 
mately 1300 or 1500 clocks, depending on whether the 
host is an 8086 or 8088, respectively. The actual time 
will depend on how much concurrency of execution bet- 
ween the host and 8087 is provided. The greater the 
concurrency, the lesser the maximum wait time will be. 
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If host interrupts can be enabled during the context save 
function, it is recommended to use the FSAVE instruc- 
tion for saving the numeric context in the interruptable 
section. The FSAVE instruction allows instruction and 
data synchronizing waits to be interruptable. This 
technique removes the maximum execution time of 8087 
instructions from system interrupt latency time con- 
siderations. 

It is recommended to delay starting the numeric save 
function as long as possible to maintain the maximum 
amount of concurrent execution between the host and 
the 8087. 


Using FRSTOR 

Restoring the numeric context with FRSTOR does not 
require a data synchronizing wait afterwards since the 
8087 automatically prevents the host from interfering 
with the memory load operation. 

The code starting with NPX_RESTORE illustrates the 
restore operation. Error synchronization is not 
necessary since the FRSTOR instruction itself does not 
cause errors, but the previous state of the NPX may in- 
dicate an error. 

If further numeric instructions are executed after the 
FRSTOR, and the error state of the new NPX context is 
unknown, deadlock may occur if numeric exceptions 
cannot interrupt the host. 


NPX_save 


; General purpose save of NPX context. This function will work independent of the interrupt state of 

; the NDP. Deadlock can not occur. 47 words of memory are required by the variable save area. 

; Register ax is not transparent across this code. 

NPX_save: 


FNSTCW save_area 

Save IEM bit status 

NOP 

Delay while 8087 saves control register 

FNDISI 

Disable 8087 BUSY signal 

MOV ax, save_area 

Get original control word 

FSAVE save_area 

Save NPX context, the host can be safely interrupted while 


waiting for the 8087 to finish. Deadlock is not possible since 

FWAIT 

IEM = 1. Wait for save to finish. Put original control word into 

MOV save_area, ax ; 

NPX context’area. All done 


no_int_N PX_save 


; Save the NPX context with host interrupts disabled. No deadlock is possible. 47 words of memory 
; are required by the variable save_area. 

no_int_NPX__save: 

FNSAVE save_area ; Save NPX context. Wait for save to finish, no deadlock 

FWAIT ; is possible. Interrupts may be enabled now, all done 


NP)t_restore 


; Restore the NPX context saved earlier. No deadlock is possible if no further numeric instructions 
; are executed until the 8087 numeric error interrupt is enabled. The variable save_area is assumed 
; to hold an NPX context saved earlier. It must be 47 words long. 

NPX_restore: 

FRSTOR save__area ; Load new NPX context 
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APPENDIX B 


OVERVIEW 

Appendix B shows alternative techniques for switching 
the numeric context without using the FSAVE/ 
FNSAVE or FRSTOR instructions. These alternative 
techniques are slower than those of Appendix A but 
they reduce the worst case continuous local bus usage of 
the 8087. 

Only an iAPX 86/22 or iAPX 88/22 could derive any 
benefit from this alternative. By replacing all 
FSAVE/FNSAVE instructions in the system, the worst 
case local bus usage of the 8087 will be 10 or 16 con- 
secutive memory cycles for an 8086 or 8088 host, respec- 
tively. 

Instead of saving and loading the entire numeric context 
in one long series of memory transfers, these routines 
use the FSTENV/FNSTENV/FLDENV instructions 
and separate numeric register load/store instructions. 
Using separate load/store instructions for the numeric 
registers forces the 8087 to release the local bus after 
each numeric load/store instruction. The longest series 
of back-to-back memory transfers required by these 
instructions are 8/12 memory cycles for an 8086 or 8088 
host, respectively. In contrast, the FSAVE/ 
FNSAVE/FRSTOR instructions perform 50/94 back- 
to-back memory cycles for an 8086 or 8088 host. 

Compatibility With FSAVE/FNSAVE 

This function produces a context area of the same for- 
mat produced by FSAVE/FNSAVE instructions. Other 
software modules expecting such a format will not be 
affected. All the same interrupt and deadlock considera- 
tions of FSAVE and FNSAVE also apply to FSTENV 
and FNSTENV. Except for the fact that the numeric 
environment is 7 words rather than the 47 words of the 
numeric context, all the discussion of Appendix A also 
applies here. 


The state of the NPX registers must be saved in memory 
in the same format as the FSAVE/FNSAVE instruc- 
tions. The program example starting at the label 
SMALL_BLOCK_NPX_SAVE illustrates a software 
loop that will store their contents into memory in the 
same top relative order as that of FSAVE/FNSAVE. 

To save the registers with FSTP instructions, they must 
be tagged valid, zero, or special. This function will force 
all the registers to be tagged valid, independent of their 
contents or old tag, and then save them. No problems 
will arise if the tag value conflicts with the register’s 
content for the FSTP instruction. Saving empty regis- 
ters insures compatibility with the FSAVE/FNSAVE in- 
structions. After saving all the numeric registers, they 
will all be tagged empty, the same as if an 
FSAVE/FNSAVE instruction had been executed. 


Compatibility With FRSTOR 

Restoring the numeric context reverses the procedure 
described above, as shown by the code starting at 
SMALL_BLOCK_NPX_RESTORE. AH eight regi- 
sters are reloaded in the reverse order. With each 
register load, a tag value will be assigned to each 
register. The tags assigned by the register load does not 
matter since the tag word will be overwritten when the 
environment is reloaded later with FLDENV. 

Two assumptions are required for correct operation of 
the restore function: all numeric registers must be empty 
and the TOP field must be the same as that in the con- 
text being restored. These assumptions will be satisfied 
if a matched set of pushes and pops were performed bet- 
ween saving the numeric context and reloading it. 

If these assumptions cannot be met, then the code exam- 
ple starting at NPX_CLEAN shows how to force all the 
NPX registers empty and set the TOP field of the status 
word. 
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small block N PX_save 


; Save the NPX context independent of NDP interrupt state. Avoid using the FSAVE instruction to 

; limit the worst case memory bus usage of the 8087. The NPX context area formed will appear the 

; same as if an FSAVE instruction had written into it. The variable save_area will hold the NPX 

; context and must be 47 words long. The registers ax, bx, and cx will not be transparent. 

small_block_ 

NPX_save: 


FNSTCW 

save_area 

Save current IEM bit 

NOP 


Delay while 8087 saves control register 

FNDISI 


Disable 8087 BUSY signal 

MOV 

ax, save_area 

Get original control word 

MOV 

cx, 8 

Set numeric register count 

XOR 

bx, bx 

Tag field value for stamping all registers as valid 

FSTENV 

save_area 

Save NPX environment 

FWAIT 


Wait for the store to complete 

XCHG 

save_area + 4, bx 

Get original tag value and set new tag value 

FLDENV 

save_area 

Force all register tags as valid. BUSY is still masked. No data 

MOV 

save_area, ax 

synchronization needed. Put original control word into NPX 

MOV 

save_area + 4, bx 

environment. Put original tag word into NPX environment 

XOR 

bx, bx 

Set initial register index 

reg_store__loop: 


FSTP 

saved_reg [bx] 

; Save register 

ADD 

bx, type saved_reg 

; Bump pointer to next register 

LOOP 

reg_store_loop 




; All done 


NPX_clean 


> 

; Force the NPX into a clean state with TOP matching the TOP field stored in the NPX context and all 

; numeric registers tagged empty. Save_ 

_area must be the NPX environment saved earlier. 

1 ; Temp_env is a 7 word temporary area used to build a prototype NPX environment. Register ax will 

; not be transparent. 


NPX_clean: 


FINIT 

Put NPX into known state 

MOV ax, save_area + 2 

Get original status word 

AND ax, 3800 H 

Mask out the top field 

FSTENV temp„env 

Format a temporary environment area with all registers 
stamped empty and TOP field = 0. 

FWAIT ; 

Wait for the store to finish. 

OR temp_env + 2, ax ; 

Put in the desired TOP value. 

FLDENV temp_env ; 

Setup new NPX environment. 

Now enter smali_block_NPX_restore 
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small_block_N PX_restore 


J 

; Restore the NPX context without using the FRSTOR instruction. Assume the NPX context is in the 
; same form as that created by an FSAVE/FNSAVE instruction, all the registers are empty, and that 
; the TOP field of the NPX matches the TOP field of the NPX context. The variable save__area must 

; be an NPX context save area, 47 words long. The registers bx and cx will not be transparent. 

small_block_NPX_restore: 


MOV cx, 8 

; Set register count 

MOV bx, type saved_reg*7 

; Starting offset of ST(7) 

reg__load_loop: 


FLD saved_reg [bx] 

; Get the register 

SUB bx, type saved_reg 

LOOP reg__load_JoQp 

; Bump pointer to next register 

FLDENV save_area 

; Restore NPX context 
; All done 


APPENDIX C 


OVERVIEW 

Appendix C shows how floating point values can be 
converted to decimal ASCII character strings. The func- 
tion can be called from PLM/86, PASCAL/86, FOR- 
TRAN/86, or ASM/86 functions. 

Shortness, speed, and accuracy were chosen rather than 
providing the maximum number of significant digits 
possible. An attempt is made to keep integers in their 
own domain to avoid unnecessary conversion errors. 

Using the extended precision real number format, this 
routine achieves a worst case accuracy of three units in 
the 16th decimal position for a non-integer value or in- 
tegers greater than 10 18 . This is double precision ac- 
curacy. With values having decimal exponents less than 
100 in magnitude, the accuracy is one unit in the 17th 
decimal position. 

Higher precision can be achieved with greater care in 
programming, larger program size, and lower perfor- 
mance. 

Function Partitioning 

Three separate modules implement the conversion. 
Most of the work of the conversion is done in the mod- 
ule FLOATING_TO_ASCII. The other modules are 
provided separately since they have a more general use. 
One of them, GET_POWER_10, is also used by the 
ASCII to floating point conversion routine. The other 
small module, TOS_STATUS, will identify what, if 
anything, is in the top of the numeric register stack. 


Exception Considerations 

Care is taken inside the function to avoid generating ex- 
ceptions. Any possible numeric value will be accepted. 
The only exceptions possible would occur if insufficient 
space exists on the numeric register stack. 

The value passed in the numeric stack is checked for ex- 
istence, type (NAN or infinity), and status (unnormal, 
denormal, zero, sign). The string size is tested for a 
minimum and maximum value. If the top of the register 
stack is empty, or the string size is too small, the func- 
tion will return with an error code. 

Overflow and underflow is avoided inside the function 
for very large or very small numbers. 

Special Instructions 

The functions demonstrate the operation of several 
numeric instructions, different data types, and precision 
control. Shown are instructions for automatic conver- 
sion to BCD, calculating the value of 10 raised to an in- 
teger value, establishing and maintaining concurrency, 
data synchronization, and use of directed rounding on 
the NPX. 

Without the extended precision data type and built-in 
exponential function, the double precision accuracy of 
this function could not be attained with the size and 
speed of the shown example. 

The function relies on the numeric BCD data type for 
conversion from binary floating point to decimal. It is 
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not difficult to unpack the BCD digits into separate 
ASCII decimal digits. The major work involves scaling 
the floating point value to the comparatively limited 
range of BCD values. To print a 9-digit result requires 
accurately scaling the given value to an integer between 
10 8 and 10 9 . For example, the number +0.123456789 
requires a scaling factor of 10 9 to produce the value 
+ 123456789.0 which can be stored in 9 BCD digits. The 
scale factor must be an exact power of 10 to avoid to 
changing any of the printed digit values. 

These routines should exactly convert all values exactly 
representable in decimal in the field size given. Integer 
values which fit in the given string size, will not be 
scaled, but directly stored into the BCD form. Non- 
integer values exactly representable in decimal within 
the string size limits will also be exactly converted. For 
example, 0.125 is exactly representable in binary or 
’ decimal. To convert this floating point value to decimal, 
the scaling factor will be 1000, resulting in 125. When 
scaling a value, the function must keep track of where 
the decimal point lies in the final decimal value. 

DESCRIPTION OF OPERATION 

Converting a floating point number to decimal ASCII 
takes three major steps: identifying the magnitude of 
the number, scaling it for phe BCD data type, and con- 
verting the BCD data type to a decimal ASCII string. 

Identifying the magnitude of the result requires finding 
the value X such that the number is represented by 
I*10 x , where 1.0 <= I < 10.0. Scaling the number re- 
quires multiplying it by a scaling factor 10 s , such that 
the result is an integer requiring no more decimal digits 
than provided for in the ASCII string. 

Once scaled, the numeric rounding modes and BCD 
conversion put the number in a form easy to convert to 
decimal ASCII by host software. 

Implementing each of these three steps requires atten- 
tion to detail. To begin with, not all floating point 
values have a numeric meaning. Values such as infinity, 
indefinite, or Not A Number (NAN) may be en- 
countered by the conversion routine. The conversion 
routine should recognize these values and identify them 
uniquely. 

Special cases of numeric values also exist. Denormals, 
unnormals, and pseudo zero all have a numeric value 
but should be recognized since all of them indicate that 
precision was lost during some earlier calculations. 

Once it has been determined that the number has a 
numeric value, and it is normalized setting appropriate 
unnormal flags, the value must be scaled to the BCD 
range. 


Scaling the Value 

To scale the number, its magnitude must be determined. 
It is sufficient to calculate the magnitude to an accuracy 
of 1 unit, or within a factor of 10 of the given value. 
After scaling the number, a check will be made to see if 
the result falls in the range expected. If not, the result 
can be adjusted one decimal order of magnitude up or 
down. The adjustment test after the scaling is necessary 
due to inevitable inaccuracies in the scaling value. 

Since the magnitude estimate need only be close, a fast 
technique is used. The magnitude is estimated by multi- 
plying the power of 2, the unbiased floating point expo- 
nent, associated with the number by logio2. Rounding 
the result to an integer will produce an estimate of suffi- 
cient accuracy. Ignoring the fraction value can in- 
troduce a maximum error of 0.32 in the result. 

Using the magnitude of the value and size of the number 
string, the scaling factor can be calculated. Calculating 
the scaling factor is the most inaccurate operation of the 
conversion process. The relation 10 x =2**(X*log2lO) is 
used for this function. The exponentiate instruction 
(F2XM1) will be used. 

Due to restrictions on the range of values allowed by the 
F2XM1 instruction, the power of 2 value will be split in- 
to integer and fraction components. The relation 
2**(I + F) = 2**I * 2**F allows using the FSCALE in- 
struction to recombine the 2**F value, calculated 
through F2XM1, and the 2**1 part. 

Inaccuracy in Scaling 

The inaccuracy of these operations arises because of the 
trailing zeroes placed into the fraction value when strip- 
ping off the integer valued bits. For each integer valued 
bit in the power of 2 value separated from the fraction 
bits, one bit of precision is lost in the fraction field due 
to the zero fill occurring in the least significant bits. 

Up to 14 bits may be lost in the fraction since the largest 
allowed floating point exponent value is 2 14 - 1. 

AVOIDING UNDERFLOW AND OVERFLOW 

The fraction and exponent fields of the number are sep- 
arated to avoid underflow and overflow in calculating 
the scaling values. For example, to scale 10“ 4932 to 10 8 
requires a scaling factor of 10 4950 which cannot be rep- 
resented by the NPX. 

By separating the exponent and fraction, the scaling 
operation involves adding the exponents separate from 
multiplying the fractions. The exponent arithmetic will 
involve small integers, all easily represented by the 
NPX. 
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FINAL ADJUSTMENTS 

It is possible that the power function (Get Power 10) 

could produce a scaling value such that it forms a scaled 
result larger than the ASCII field could allow. 
For example, scaling 9.9999999999999999e4900 
by 1 .0000000000000001 Oe-48 8 3 would produce 
1.00000000000000009el8. The scale factor is within the 
accuracy of the NDP and the result is within the conver- 
sion accuracy, but it cannot be represented in BCD for- 
mat. This is why there is a post-scaling test on the 
magnitude of the result. The result can be multiplied or 
divided by 10, depending on whether the result was too 
small or too large, respectively. 


Output Format 

For maximum flexibility in output formats, the position 
of the decimal point is indicated by a binary integer 
called the power value. If the power value is zero, then 
the decimal point is assumed to be at the right of the 
right-most digit. Power values greater than zero indicate 
how many trailing zeroes are not shown. For each unit 
below zero, move the decimal point to the left in the 
string. 

The last step of the conversion is storing the result in 
BCD and indicating where the decimal point lies. The 
BCD string is then unpacked into ASCII decimal char- 
acters. The ASCII sign is set corresponding to the sign 
of the original value. 


LINE SOURCE 


1 

2 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 
21 
22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48 


$ti tie (Convert a floating point number to ASCII) 
name f loating jto^asci i 

public f loating~t°3 asc * * 

extrn get_power_10 : near , tos_status :near 

* \ 

; This subroutine will convert the floating point number in the 

; top of the 8087 stack to an ASCII string and separate power of 10 

; scaling value (in binary). The maximum width of the ASCII string 

; formed is controlled by a parameter which must be > 1. Unnormal values, 

; denormal values, and psuedo zeroes will be correctly converted. 

; A returned value will indicate how many binary bits of 

; precision were lost in an unnormal or denormal value. The magnitude 

; (in terms of binary power) of a psuedo zero will also be indicated. 

; Integers less than 10**18 in magnitude are accurately converted if the 

; destination ASCII string field is wide enough to hold all the 

; digits. Otherwise the value is converted to scientific notation. 

; The status of the conversion is identified by the return value, 

; it can be: 

; 0 conversion complete, stringjsize is defined 

? 1 invalid arguments 

; 2 exact integer conversion, stringjsize is defined 

; 3 indefinite 

; 4 + NAN (Not A Number) 

; 5 - NAN 

; 6 + Infinity 

; 7 - Infinity 

; 8 psuedo zero found, stringjsize is defined 

; The PLM/86 callinq convention is: 

; f loatingtoasci i : 

; procedure (number , denormal _ptr ,str ing^ptr ,si ze_ptr, fields! ze , 

; powerjstr) word external; " 

; declare (denormal jotr ,string_ptr ,power_ptr ,size_ptr) pointer; 

; declare fieldjsize word, string size based size__ptr word; 

; declare number real; ~ 

; declare denormal integer based denormal_pt r ; 

; declare power integer based power_ptr; 

; end floating_to ascii; 

; The floating point value is expected to be on the top of the NPX 

; stack. This subroutine expects 3 free entries on^ the NPX stack and 

; will pop the passed value off when done. The generated ASCII string 

; will have a leading character either or • + • indicating the sign 

; of the value. The ASCII decimal digits will immediately follow. 

? The numeric value of the ASCII string is (ASCII STRING. ) *10**POWER. 
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It the given number was zero, the ASCII string will contain a sign 
and a single zero chacter. The value string_size indicates the total 
length of the ASCII string including the sign character. String(0) will 
always hold the sign. It is possible for stringsize to be less than 
fieldsize. This occurs for zeroes or integer values. A psuedo zero 
will return a special return code. The denormal count will indicate 
the power of two originally associated with the value. The power of 
ten and ASCII string will be as if the value was an ordinary zero. 

This subroutine is accurate up to a maximum of 18 decimal digits for 
integers. Integer values will have a decimal power of zero associated 
with them. For non integers, the result will be accurate to within 2 
decimal digits of the 16th decimal place (double precision). The 
exponentiate instruction is also used for scaling the value into the 
range acceptable for the BCD data type. The roundinq mode in effect 
on entry to the subroutine is used for the conversion. 

The following registers are not transparent: 
ax bx cx dx si di flags 


Define the stack layout. 


/4 

bp_save 

equ 

/5 

es save 

equ 

76 

return jptr 

equ 

77 

power _pt r 

equ 

78 

f ield_si ze 

equ 

79 

si ze_ptr 

equ 

80 

str ing jptr 

equ 

81 

denormal_ptr 

equ 

82 



83 

parms _si ze 

equ 

84 

& 



word ptr [bpl 
bp__save + size bp_save 
es_save + size es save 
return_ptr + si ze~retur n_ptr 
power_ptr + size power ptr 
fieldjsize + size fiel? size 
size_j?tr + size size_ptr 
string_ptr + size string ptr 


size powerptr + size fieldjsize + size sizeptr + 
size string ptr + size denormal ptr 


Define constants used 


BCD DIGITS 

equ 

18 

WORD SIZE 

equ 

2 

BCD SIZE 

equ 

10 

MINUS 

equ 

1 

NAN 

equ 

4 

INFINITY 

equ 

6 

INDEFINITE 

equ 

3 

PSUEDO ZERO 

equ 

8 

INVALID 

equ 

-2 

ZERO 

equ 

-4 

DENORMAL 

equ 

-6 

UNNORMAL 

equ 

-8 

NORMAL 

equ 

0 

EXACT 

equ 

2 

; Def i 

ne layout 

of 

9 

status 

equ 

WO] 


Number of digits in bcdvalue 


Define return values 
The exact values chosen here are 
important. They must correspond to 
the possible return values and be in 
the same numeric order as tested by 
the program. 


power_two 
power jten 
bcd_val ue 
bcd_byte 
fraction 


status - WORD SIZE 

power__ two - w£)RD_SIZE 

tbyte ptr power ten - BCD^SIZE 

byte ptr bcd_yaTue 

bed value 


local _si ze 
& 


e equ size status + size power_two + size power__ten 

+ size bcd_value ' 

Allocate stack space for the temporaries so the stack will be big enough 

segment stack stack • 
db (local size+6) dup (?) 
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cgroup 

code 


group code 
segment public 'code* 
assume cs:cgroup 
- extrn power_table:qword 

Constants used by this function. 

even ; Optimize for 16 bits 

dw 10 ; Adjustment value for too big BCD 

.Convert the C3,C2,C1,C0 encoding from tos status into meaningful bit 
flags and values. 


status table 


UNNORMAL, NAN, UNNORMAL + MINUS, MAN + MIMUS, 


NORMAL, INFINITY, NORMAL + MINUS, INFINITY + MINUS, 


ZERO, INVALID, ZERO + MINUS> INVALID, 


DENORMAL, INVALID, DENORMAL 4 MINUS, INVALID 


138 

139 

floating to ascii proc 

140 

141 

call 

tos status 

142 

mov 

bx ,ax 

143 

mov 

al , status 

144 

cmp 

al , INVALID 

145 

jne 

nonempty 

146 



147 

ST ( 0 ) 

is empty! 

148 



149 

ret 

parms_si ze 

150 



151 

Remove infinity j 

152 



153 

found infinity: 


154 

155 

fstp 

st (0) 

156 

jmp 

short exit 

157 

158 

String space is 1 

159 

160 i 

smal 1 jstr ing : 


161 



162 

mov 

al , INVALID 

163 

164 < 

sxi t__proc : 


165 



166 

mov 

sp,bp 

167 

pop 

bp 

168 

pop 

es 

169 

ret 

parms size 

170 j 



171 j 

ST ( 0 ) 

is NAN or 

172 ; 

at the 

fraction fic 

173 j 

174 F 

IAN or indefinite: 

175 

176 

fstp 

fraction 

177 

test 

al, MINUS 

178 

fwait 


179 

j* 

exit proc 

180 




; Look at status of ST(0) 

; Get descriptor from table 

; Look for empty ST(0) 
tatus value. 


; OK to leave fstp running 


; Free stack space 
; Restore registers 


i Remove value from stack for examination 
; Look at sign bit 
; Insure store is done 
; Can*t be indefinite if positive 


3-456 


207865-001 




AP-113 


inteT 


181 

mov 

bx , 0C0 00H 


Match against upper 16 bits of fracti 

182 

sub 

bx,word ptr fraction+6 


Compare bits 63-48 

183 

or 

bx,word ptr fraction+4 


Bits 32-47 must be zero 

184 

or 

bx,word ptr fraction+2 


Bits 31-16 must be zero 

185 

or 

bx,word ptr fraction 


Bits 15-0 must be zero 

186 

jnz 

exit proc 



187 





188 

mov 

al , INDEFINITE 

• 

Set return value for indefinite value 

189 

jmp 

exi t_proc 



190 





191 

Allocate stack space for local 


variables and establish parameter 

192 

addressibility. 



193 





194 not empty: 




195 





196 

push 

es 

i 

Save workinq register 

197 

push 

bp 



198 

mov 

bp , sp 

; 

Establish stack addressibility 

199 

sub 

sp, local_si ze 



200 





201 

mov 

cx ,f ield^size 

; 

Check for enough strinq space 

202 

cmp 

cx , 2 



203 

jl 

small strinq 



204 





205 

dec 

cx 

; 

Adjust for sign character 

206 

cmp 

cx ,BCD_DIGITS 

; 

See if strinq is too larqe for BCD 

207 

jbe 

size ok 



208 





209 

mov 

cx ,BCD_DIGITS 

; 

Else set maximum strinq size 

210 





211 size ok: 




212 





213 

cmp 

al , INFINITY 

; 

Look for infinity 

214 

jqe 

f ound^i nf i n i ty 

• 

Return status value for + or - inf. 

215 





216 

cmp 

a 1 , NAN 

; 

Look for NAN or INDEFINITE 

217 

jqe 

NAN or indefinite 



218 





219 

Set default return values and 

check that the number is normalized. 

220 





221 

f abs 



Use positive value only 

222 




siqn bit in al has true siqn of value 

223 

mov 

dx ,ax 


Save return value for later 

2 24 

xo r 

ax , ax 


Form 0 constant 

225 

mov 

d i ,denormal_ptr 


Zero denormal count 

226 

mov 

word ptr [dlj ,ax 



227 

mov 

bx ,power_ptr 

; 

Zero power of ten value 

228 

mov 

word ptr [bx] ,ax 



229 

cmp 

d 1 , ZERO 

; 

Test for zero 

230 

jae r 

real__zero 

; 

Skip power code if value is zero 

231 





232 

cmp 

dl, DENORMAL 

; 

Look for a denormal value 

233 

jae 

found__denormal 

; 

Handle it specially 

234 





235 

fxtract 


/ 

Separate exponent from significand 

236 

cmp 

dl , UNNORMAL 

• 

Test for unnormal value 

237 

jb 

normal_val ue 



238 





239 

sub 

d 1 , UN NORMAL -NORMAL 

; 

Return normal status with correct sigi 

240 





241 

Normalize the fraction, adjust 


the power of two in ST(1) and set 

242 

the denormal count value. 



243 





244 

Assert : 

0 <= ST ( 0 ) < 1.0 



245 





246 

fldl 


; 

Load constant to normalize fraction 

247 





248 normalize fraction: 



249 





250 

fadd 

st (1 ) ,st 


Set integer bit in fraction 

251 

f sub 



Form normalized fraction in ST(0) 

252 

fxtract 



Power of two field will be neqative 

253 




of denormal count 

254 

f xch 



Put denormal count in ST(0) 
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fist word ptr [di] 

faddp st (2) ,st 

neg word ptr [di] 

jnz not_psuedo__zero 


; Put neqative of denormal count in memory 
; Form correct power of two in st(l) 

; OK to use word ptr [di] now ^ 

; Form positive denormal count 


A psuedo zero will appear as an unnormal number. When attempting 
to normalize it, the resultant fraction field will be zero. Performing 
an fxtract on zero will yield a zero exponent value. 


f xch 

fistp word ptr [di] 


sub dl ,NORMAL-PSUEDO_JZ ERO 

jmp convert_integer 


Put power of two value in st(0) 

Set denormal count to power of two value 
Word ptr [di] is not used by convert 
integer, OK to leave runninq 
Set return value saving the sign bit 
Put zero value into memory 


The number is a real zero, set the return value and setup for 
conversion to BCD. 


real zero: 


dl , ZERO-NORMAL 
convert integer 


Convert status to normal value 
Treat the zero as an integer 


The number is a denormal. FXTRACT will not work correctly in this 
case. To correctly separate the exponent and fraction, add a fixed 
constant to the exponent to guarantee the result is not a denormal. 


found denormal: 


fldl ; Prepare to bump exponent 

f xch 

fprem ; Force denormal to smallest representable 

; extended real format exponent 

fxtract ; This will work correctly now 

The power of the oriqinal denormal value has been safely isolated. 

Check if the fraction value is an unnormal. 

fxam ; See if the fraction is an unnormal 

fstsw status ; Save status for later 

fxch ; Put exponent in ST(0) 

fxch st ( 2 ) ; Put 1.0 into ST(0), exponent in ST(2) 

sub dl , DENORMAL-NORMAL ; Return normal status with correct sign 

test status, 4400H ; See if C3=C2=0 impling unnormal or NAN 

jz v normal i ze_fract ion ? Jump if fraction is an unnormal 

fstp st (0) ; Remove unnecessary 1.0 from st(0) 


Calculate the decimal magnitude associated with this number to 
within one order. This error will always be inevitable due to 
rounding and lost precision. As a result, we will deliberately fail 
to consider the LOG10 of the fraction value in calculating the order. 

Since the fraction will always be 1 <= F < 2, its LOG10 will not change 
the basic accuracy of the function. To get the decimal order of magnitude, 
simply multiply the power of two by LOG10(2) and truncate the result to 
an integer. 


normalvalue: 
no t_ psuedo zero: 


fstp fraction 

fist power __two 

f ldlg2 

fmul 

fistp power ten 


; Save the fraction field for later use 
; Save power of two 
; Get LOG 10 (2) 

; Powertwo is now safe to use 
; Form LOG10(of exponent of number) 

; Any rounding mode will work here 


Check if the magnitude of the number rules out treating it as 
an integer. 

CX has the maximum number of decimal digits allowed. 
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iny 


328 





329 

fwa i t 



Wait for power_ten to be valid 

330 

mov 

ax, power ten 


Get power of ten of value 

331 

sub 

ax,cx 


Form scaling factor necessary in ax 

332 

ja 

ad just^resul t 


Jump if number will not fit 

333 





334 

The number is between 1 and 

10* 

* ( field size) . 

335 

Test if 

it is an integer. 



336 





337 

f ild 

power_two 


Restore original number 

338 

mov 

si ,dx 


Save return value 

339 

sub 

dl, NORMAL-EXACT 


Convert to exact return value 

340 

fid 

fraction 



341 

f scale 



Form full value, this is safe here 

342 

f St 

st (1 ) 


Copy value for compare 

343 

f rndint 



Test if its an integer 

344 

f comp 



Compare values 

345 

f stsw 

status 


Save status 

346 

test 

status , 4000H 


C3=l implies it was an integer 

347 

jnz 

convert_integer 



348 





349 

f stp 

st (0) 

; 

Remove non integer value 

350 

mov 

dx ,si 

• 

Restore original return value 

351 





352 

Scale 

the number to within 

the 

range allowed by the BCD format. 

353 

The scaling operation should 

produce a number within one decimal order 

354 

of magnitude of the largest decimal number representable within the 

355 

given string width. 



356 





357 

The scaling power of ten value 

is in ax. 

358 





359 adjust result: 




360 





361 

mov 

word ptr fbx] ,ax 


Set initial power ot ten return value 

362 

neg 

ax 


Subtract one for each order of 

363 




magnitude the value is scaled by 

364 

call 

get power 10 


Scaling factor is returned as exponent 

365 




and fraction 

366 

fid 

fraction 


Get fraction 

367 

fmul 



Combine fractions 

368 

mov 

si ,cx 


Form power of ten of the maximum 

369 

shl 

si , 1 


BCD value to fit in the string 

370 

shl 

si , 1 


Index in si 

371 

shl 

si , 1 



372 

f ild 

power two 


Combine powers of two 

373 

f addp 

st (2)7st 



374 

f scale 



Form full value, exponent was safe 

375 

f stp 

st(l) 


Remove exponent 

376 





377 

Test 

the adjusted value against 

a table of exact powers of ten. 

378 

The combined errors of the magnitude estimate and power function can 

379 

result 

in a value one order of magnitude too small or too large to fit 

380 

correctly in the BCD field. 

To handle this problem, pretest the 

381 

adjusted value, if it is too 

small or large, then adjust it by ten and 

382 

adjust 

the power ot ten value 



383 





384 test power: 




385 





3^86 

f com 

power_table [si ] +type 

powe 

rtable; Compare against exact power 

387 




entry. Use the next entry since cx 

388 




has been decremented by one 

389 

f stsw 

status 


No wait is necessary 

390 

test 

status , 4100H 


If C3 = C0 = 0 then too big 

391 

jnz 

test for small 



392 


- 



393 

f idiv 

const 10 


Else adjust value 

394 

and 

dl ,not EXACT 


Remove exact flag 

395 

inc 

word ptr [bx] 


Adjust power of ten value 

396 

jmp 

short in range 


Convert the value to a BCD integer 

397 





398 test for small: 




399 





400 

fcom 

po we ratable [si ] 

; 

Test relative size 

401 

f stsw 

status 

; 

No wait is necessary 
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402 

test 

status , 1 00H 

; If C0 = 0 then st(0) >= lower bound 

403 

jz 

in^range 

; Convert the value to a BCD integer 

404 




405 

f imul 

const 10 

; Adjust value into range 

406 

dec 

word ptr [bx] 

; Adjust power of ten value 

407 




408 in range: 



409 




410 

f rndint 


; Form integer value 

411 




412 

Assert : 

0 <= TOS <= 999,999,999 

,999,999,999 

413 

The TOS 

number will be exactly 

representable in 18 digit BCD format. 

414 



415 convert integer 



416 




417 

fbstp 

bcd_val ue 

; Store as BCD format number 

418 




419 

While 

the store BCD runs, setup registers for the conversion to 

420 

ASCII. 



421 




422 

mov 

si , BCD_SIZE-2 

; Initial BCD index value 

423 

mov 

cx ,0f 04h 

; Set shift count and mask 

424 

mov 

bx , 1 

; Set initial size of ASCII field for 

425 

mov 

di ,str ing_jptr 

; Get address of start of ASCII string 

426 

mov 

ax ,ds 

; Copy ds to es 

427 

mov 

es ,ax 


428 

cld 


; Set autoincrement mode 

429 

mov 

al, • + ' 

; Clear sign field 

430 

test 

dl, MINUS 

; Look for negative value 

431 

jz 

posi tive_^resul t 


432 




433 

mov 

al, 


43' 





cri t i ve resul t 



/> 




'37 

s t o 5 h 


; Pump string r ^intor past Finn 

438 

and 

dl , not MINUS 

; Turn off sign bit 

439 

fwa i t 


; Wait tor fbstp to finish 

440 




441 

Register usage: 


442 


ah : 

BCD byte value in use 

443 


al: * 

ASCII character value 

444 


dx : 

Return value 

44 5 


ch : 

BCD mask = 0fh 

446 


cl : 

BCD shift count = 4 

447 


bx : 

ASCII string field width 

448 


si : 

BCD field index 

449 


di : 

ASCII string field pointer 

450 


ds , es: 

ASCII stping segment base 

451 




452 

Remove leading zeroes from the number. 

453 




454 skip leading zeroes: 


455 




456 

mov 

ah,bcd_byte [si] 

; Get BC.D byte 

457 

mov 

al ,ah 

; Copy value 

458 

shr 

a 1 ,, c 1 

; Get high order digit 

459 

and 

al ,ch 

; Set zero flag 

460 

jnz 

enter_odd 

; Exit loop if leading non zero found 

461 



462 

mov 

al ,ah 

? Get BCD byte again 

463 

and 

al ,ch 

; Get low order digit 

464 

jnz , 

enter_even 

; Exit loop' if non zero digit found 

465 



466 

dec 

si 

; Decrement BCD index 

467 

468 

469 

jns 

skip leading_zeroes 


; The significand was all zeroes. 

470 

• 



471 

mov 

a 1 , *| 0 ' 

; Set initial zero 

472 

stosb 

1 


473 

inc 

bx 

; Bump string length 

474 

jmp 

short exi t_wi th^value 
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475 





476 

; Now 

expand the BCD string 

into 

digit per byte values 0-9. 

477 





478 

digi t__loop: 




479 





480 

mov 

ah ,bcd J5yte [si ] 


; Get BCD byte 

481 

mov 

al,ah ~ 



482 

shr 

al ,cl 


; Get hiqh order digit 

483 




484 

enter_odd : 




485 





486 

add 

al , ■ 0 ' 


; Convert to ASCII 

487 

stosb 



; Put digit into ASCII strinq area 

488 

mov 

al ,ah 


; Get low order diqit 

489 

and 

al ,ch 



490 

inc 

bx 


; Bump field size counter 

491 





492 

enter_even : 




493 





494 

add 

al , ’0' 


; Convert to ASCII 

495 

stosb 



; Put digit into ASCII area 

496 

inc 

bx 


; Bump field size counter 

497 

dec 

si 


; Go to next BCD byte 

498 

jns 

digi t^loop 



499 

; 




500 

; Conversion complete. Set 

the 

strinq size and remainder. 

501 

; 




502 

exit with value: 



503 





504 

mov 

di , si zejptr 



505 

mov 

word ptr [di 1 ,bx 



506 

mov 

ax ,dx 


; Set return value 

507 

jmp 

exi t^proc 



508 





509 

floatino to ascii endp 



510 

code 

ends 



511 


end 



ASSEMBLY 

COMPLETE, NO 

ERRORS FOUND 




$ti tie (Calculate the value of 10**ax) 

This subroutine will calculate the value of 10**ax. 

All 8086 registers are transparent and the value is returned on 
the TOS as two numbers, exponent in ST(1) and fraction in ST(0) . 
The exponent value can be larqer than the maximum representable 
exponent. Three stack entries are used. 


9 


name 

get_power_ 10 



10 


public 

get~power~ 10 , power table 



11 





12 

stack 

segment 

stack ‘stack* 



13 


dw 

4 dup (?) 

Allocate 

space on the stack 

14 

stack 

ends 




15 






16 

cgroup 

group 

code 

i 


17 

code 

segment 

public 'code* 



18 


assume 

csicgroup 



19 

; 





20 

; Use 

exact values from 1.0 to lel8. 



21 

; 





22 


even 

* 

Opt imi ze 

16 bit access 

23 

power_table 

dq 

1 . 0 , lei , le2, le3 
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24 


dq 


Ie4,le5,le6,le7 


25 


dq 


Ie8,le9,lel0,lell 


26 


dq 


Iel2,lel3,lel4,lel5 


27 


dq 


lel6, lel7, lel8 


28 

29 get power 10 

proc 

30 



31 

cmp 

ax, 18 

32 

ja 

out jof_range 

33 

, 


34 

push 

bx 

35 

mov 

bx,ax 

36 

sh.1 

bx , 1 

37 

shl 

bx , 1 

38 

shl 

bx , 1 

39 

fid 

power table [bx] 

40 

pop 

bx 

41 

fxtract 


42 

ret 


43 

44 

Calculate the value using 

45 

The following relations are 

46 


10**x = 2**(log2(10 

47 


2** (I+F) = 2**1 * 2 

48 


if st(l) - I and st 

49 

50 

>ut_of ^ranger 

51 

52 

f Id 12t 


53 

push 

bp 

54 

mov 

bp , sp 

55 

push 

ax 

56 

push 

ax 

57 

f imul 

word ptr [bp-2] 

58 

f nstcw 

word ptr [bp-4] 

59 

60 

mov 

ax, word ptr [bp-4] 

61 

and 

ax, not 0C00H 

62 

or 

ax , 0400H 

63 

64 

xchg 

ax, word ptr [bp-4] 

65 

fldl 


66 

f chs 


67 

fid 

st (1) 

68 

f ldcw 

word ptr [bp-4] 

69 

f rndint 

70 

mov 

word ptr [bp-4] ,ax 

71 

f ldcw 

word ptr [bp-4] 


Test for 0 <= ax < 19 


Get working index register 
Form table index 


Get exact value 
Restore register value 
Separate power and fraction 
OK to leave fxtract running 


TOS = LOG 2 (10) 

Establish stack addressi bi 1 i ty 

Put power (P) in memory 

Allocate space for status 

TOS , X = LOG 2 (10) *P * LOG 2 ( 10**P) 

Get current control word 
Control word is a static value 
Get control word, no wait necessary 
Mask off current rounding field 
Set round to negative infinity 
Put new control word in memory 
old control word is in ax 
Set TOS = -1.0 

Copy power value in base two 

Set new control word value 

TOS » I ; -inf < X <- X, I is an integer 

Restore original rounding control 
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72 


f xch 

st (2) 

TOS = X, ST ( 1 ) = -1.0, ST ( 2 ) 

73 


pop 

ax 

Remove oriqinal control word 

74 


f sub 

st, st (2) 

TOS , F = X-Is 0 < = TOS < 1.0 

75 


pop 

ax 

Restore power of ten 

76 


f scale 


TOS = F/2 : 0 <= TOS < 0.5 

77 


f 2xml 


TOS = 2** (F/2) - 1.0 

78 


pop 

bp 

Restore stack 

79 


f subr 


Form 2** (F/2) 

80 


fmul 

st ,st (0) 

Form 2**F 

81 


ret 


OK to leave fmul running 

82 





83 

get power 10 

endp 


84 

code 


ends 


85 



end 



ASSEMBLY COMPLETE, NO ERRORS FOUND 


$ti tie (Determine TOS reqister contents) 

; This subroutine will return a value from 0-15 in ax correspondinq 

; to the contents of 8087 TOS. All registers are transparent and no 

; errors are possible. The return value corresponds to c3,c2,cl,c0 

; of FXAM instruction. 


8 


name 

tos_status 



9 


publ i c 

tos status 



10 






11 

stack 


segment stack ' 

stack ' 

12 



dw 3 dup (?) 

; Allocate space on the stack 

13 

stack 


ends 



14 






15 

cgroup 


group code 



16 

code 


segment public 

' code ' 

17 



assume cs:cgroup 


18 

tos status 

proc 



19 






20 


fxam 



Get register contents status 

21 


push 

ax 


Allocate space for status value 

22 


push 

bp 

9 

Establish stack addressibi 1 i ty 

23 


mov 

bp, sp 



24 


f stsw 

word ptr [bp+21 

9 

Put tos status in memory 

25 


Pop 

bp 


Restore reqisters 

26 


Pop 

ax 

9 

Get status value, no wait necessary 

27 


mov 

al ,ah 

9 

Put bit 10-8 into bits 2-0 

28 


and 

ax, 4007h 

9 

Mask out bits c3,c2,cl,c0 

29 


shr 

ah , 1 

9 

Put bit c3 into bit 11 

30 


shr 

ah , 1 



31 


shr 

ah , 1 



32 


or 

al , ah 

; 

Put c3 into bit 3 

33 


mov 

ah , 0 

; 

Clear return .value 

34 


ret 




35 






36 

tos status 

endp 



37 

code 


ends 



38 



end 




ASSEMBLY COMPLETE, NO ERRORS FOUND 
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APPENDIX D 


OVERVIEW 

Appendix D shows a function for converting ASCII 
input strings into floating point values. The returned 
value can be used by PLM/86, PASCAL/86, FOR- 
TRAN/86, or ASM/86. The routine will accept a' num- 
ber in ASCII of standard FORTRAN formats. Up to 18 
decimal digits are accepted and the conversion accuracy 
is the same as for converting in the other direction. 
Greater accuracy can also be achieved with similar 
tradeoffs, as mentioned earlier. 

Description of Operation 

Converting from ASCII to floating point is less complex 
numerically than going from floating point to ASCII. It 
consists of four basic steps: determine the size in deci- 
mal digits of the number, build a BCD value corre- 
sponding to the number string if the decimal point were 
at the far right, calculate the exponent value, and scale 
the BCD value. The first three steps are performed by 
the host software. The fourth step is mainly performed 
by numeric operations. 

The complexity in this function arises due to the flexible 
nature of the input values it will recognize. Most of the 


code simply determines the meaning of each character 
encountered. Two separate number inputs must be rec- 
ognized, mantissa and exponent values. Performing the 
numerics operations is very straightforward. 

The length of the number string is determined first to 
allow building a BCD number from low digits to high 
digits. This technique guarantees that an integer will be 
converted to its exact BCD integer equivalent. 

If the number is a floating point value, then the digit 
string can be scaled appropriately. If a decimal point oc-- 
curs within the string, the scale factor must be decreased 
by one for each digit the decimal point is moved to the 
right. This factor must be added to any exponent value 
specified in the number. 

ACCURACY CONSIDERATIONS 

All the same considerations for converting floating 
point to ASCII apply to calculating the scaling factor. 
The accuracy of the scale factor determines the accuracy 
of the result. 

The exponents and fractions are again kept separate to 
prevent overflows or underflows during the scaling 
operations. 


LINE SOURCE 


1 

2 

3 

4 

5 

6 

7 

8 
y 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 
21 
22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 


$title(ASCII to floating point conversion) 

; Define the publicly known names. 

name ascii to floatinq 
public asci i”to_float ing 
extrn get_power_10 : near 

; This function will convert an ASCII character string to a floating 

; point representation. Character strinqs in integer or scientific form 

; will be accepted. The allowed format is: 

; [+,-] [digit(s)] [.] fdigit(s)] [E,e] t+,-1 fdiqit(s)l 

; Where a digit must have been encountered before the exponent 

; indicator 'E* or'e' . if a ' + ', or was encountered, then at 

; least one digit must exist before the optional exponent field. A value 

; will always be returned in the 8087 stack. In case of invalid numbers, 

; values like indefinite or infinity will be returned. 

; The first character not fitting within the format will terminate the 

; conversion. The address of the terminating character will be returned 

; by this ..subroutine, 

/ 

; The result will be left on the top of the NPX stack. This 

; subroutine expects 3 free NPX stack registers. The sign of the result 

; will correspond to any sign characters in the ASCII string. The rounding 

; mode in effect at the time the subroutine was called will be used for 

; the conversion from be se 10 to base 2. Up to 18 significant decimal 

; digits may appear in the number. Leading zeroes, trailing 7eroes, or 

; * exponent digits do not count towards the 18 digit maximum. Integers 

; or exactly representable decimal numbers of 18 digits or less will be 

; exactly converted. The technique used constructs a BCD number 
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representing the significant ASCII digits of the string with the decimal 
point removed. 

An attempt is made to exactly convert relatively small integers or 
small fractions. tor example the values: .06125, 123456789012345678, 
lel7, 1.23456e5, and 125e-3 will be exactly converted to floating point. 

The exponentiate instruction is used to scale the generated BCD vaslue 
to very large or very small numbers. The basic accuracy of this function 
determines the accuracy of this subroutine. For very large or very small 
numbers, the accuracy of this function is 2 units in the 16th decimal 
place or double precision. The ranqe of decimal powers accepted is 
10**_4930 to 10**4930. 

The PLM/86 calling format is: 
asci i_to_f loating : 

procedure (str ingptr ,end_ptr ,status_pt r ) real external; 

declare (str ingptr ,end pt r , sta tuspt r ) pointer; 

declare end based end ptr pointer? 

declare status based statusptr word; 

end ? 

The status value has 6 possible states: 

0 A number was found. 

1 No number was found, return indefinite. 

2 Exponent was expected but none found, return indefinite. 

3 Too many digits were found, return indefinite. 

4 Exponent was too biq, return a signed infinity. 

The following registers are used by this subroutine: 


Define constants. 


72 

LOW EXPONENT 

equ 

-4930 

Smallest allowed power of 

73 

HIGH EXPONENT 

equ 

4930 

Largest allowed power of 

74 

WORD bIZE 

equ 

2 


75 

BCD__bIZE 

equ 

10 


76 

; ~ 




77 

; Define the 

parameter layouts involved: 


78 

; 




79 

bp jsave 

equ 

word ptr [bp] 


80 

return__ptr 

equ 

bpjsave 4- size bp save 


81 

status ptr 

equ 

return ptr + size return_ 

ptr 

82 

end jptr 

equ 

status^ptr + size status^ 

ptr 

83 

str ing_ptr 

equ 

end_ptr + size end__ptr 


84 





85 

parms_si ze 

equ 

size status ptr + size end ptr + size string ptr 

86 

; 




87 

; Define the 

local variable data layouts 


88 

# 




89 

power _ten 

equ 

word ptr [bp- W0RD_SIZE] 

; power of ten value 

90 

91 

bcd_form 

equ 

tbyte ptr powerjten - BCD 

J5IZE; BCD representation 

92 

Q -3 

localjsi ze 

equ 

size power_ten + size bed 

_form 


Define common expressions used 


96 

bed 

Jbyte 

equ 

byte ptr 

bed form 

? Current 

byte in the 

BCD form 

97 

bed 

^count 

equ 

(type (bed 

_form) -1) *2 

? Number 

of digits in 

BCD form 

98 

bed 

~s ign 

equ 

byte ptr 

bcd__form + 9 

; Address 

of BCD sign 

byte 

99 

bed; 

“sign 

bit equ 

80H 





100 

; 








101 

9 


Define return 

values. 






NUMBER FOUND equ 

NO JI UMBER equ 

NOJBXPONENT equ 

TOO_MANY DIGITS equ 
EXPONENT^TOO BIG equ 


Number was found 
No number was found 
No exponent was found when expected 
Too many digits were found 
Exponent was too big 
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108 




109 

Allocate stack space to insure enough exists at run time. 

110 




111 stack 

segment stack 'stack* 

( 

112 


db (local jsize+4) dup (?) 

113 stack 

ends 

- 

114 




115 cqroup 

group code 


116 code 

segment public 'code' 


117 


assume cs:cgroup 

i 

118 




119 

Def in 

e some of the possible 

return values. 

120 




121 


even 

? Optimize 16 bit access 

122 indefinite 

dd 0FFC00000R 

? Single precision real for indefinite 

123 infinity 

dd 0 7FF80000R 

; Single precision real for +infinity 

124 




125 ascii to floati 

ng proc 


126 




127 

fldz 


; Prepare to zero BCD value 

128 

push 

bp 

; Save callers stack environment 

129 

mov 

bp,sp 

; Establish stack addressibil i ty 

130 

sub 

sp, local_si ze 

; Allocate space for local variables 

131 




132 

Get a 

ny leading sign character to form initial BCD template. 

133 




134 

mov 

si , string pt r 

; Get starting address of the number 

135 

xor 

dx ,dx 

; Set initial decimal digit count 

136 

cld 


; Set autoincrement mode 

137 




138 

Register usage: 


139 




140 


al: Current character value being examined 

141 


cx: Digit count before the decimal point 

142 


dx: Total digit count 

143 


si: Pointer to character string 

144 




145 

Look 

for an initial sign and skip it if found . 

146 




147 

lodsb 


; Get first character 

148 

cmp 

a 1 , 1 + 1 

; Look for a sign 

149 

jz 

scan_leading_dioi ts 


150 




151 

cmp 

al,'-' 


152 

jnz 

enter__lead ing__d igi ts 

? If not test current character 

153 




154 

f chs 


; Set TOS = -0 

155 




156 

Count 

the number of digits 

appearing before an optional decimal point. 

157 




158 scan leading digits: 


159 




160 

lodsb 


; Get next character 

161 



1 ’ 

162 enter leading digits: 


163 




164 

call 

test_d ig i t 

; Test for digit and bump counter 

165 

jnc 

scan leading digits 


166 




167 

Look 

for a possible decimal 

point and start fbstp operation. 

168 

The fbstp zeroes out the BCD 

value and sets the correct sign. 

169 




170 

fbstp 

bcd^form 

; Set initial sign and value of BCD numbe 

171 

mov . 

cx ,dx 

; Save count of digits before decimal poi 

172 

cmp 

al,'.' 


173 

jnz 

test__for digits 


174 




175 

; Count the number of digits 

appearing after the decimal point. 

176 

f 



177 

scan trailing digits: 


178 




179 

lodsb 


; Look at next character 
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iny 


180 


call 

test jdigit 

; Test for digit and bump counter 

181 


jnc 

scan_trail ing_digi ts 


182 

; 




183 

} 

There 

must be at least one 

digit counted at this point. 

184 

S 




185 

test 

for digits 

: 


186 




187 


dec 

si 

; Put si back on terminating character 

188 


or 

dx ,dx 

; Test digit count 

189 


jz 

no_number found 

? Jump if no digits were found 

190 





191 


push 

si 

; Save pointer to terminator 

192 


dec 

si 

; Backup pointer to last digit 

193 

i 




194 

9 

Check 

that the number will 

fit in the 18 digit BCD format. 

195 

9 

CX becomes the initial scaling factor to account for the implied 

196 

9 

decimal 

point. 


197 

9 




198 


sub 

cx ,dx 

; For each digit to the right of the 

199 




; decimal point, subtract one from the 

200 




; initial scaling power 

201 


neg 

dx 

; Use negative digit count so the 

202 




; test digit routine can count dx up 

203 




; to zero 

204 


cmp 

dx,-bcd count 

; See if too many digits found 

205 


jb 

test for unneeded digits 

206 

9 




207 

9 

Setup 

initial register values for scanning the number riqht to left 

208 

9 

while building the BCD value 

in memory. 

209 

9 




210 

form 

_bcd _va 1 ue : 



211 





212 


std 


; Set autodecrement mode 

213 


mov 

power ten,cx 

; Set initial power of ten 

214 


xor 

di ,di~ 

; Clear BCD number index 

215 


mov 

cl, 4 

; Set digit shift count 

216 


fwait 


; Ensure BCD store is done 

217 


jmp 

enter_digit loop 


218 

9 




219 

9 

No digits were encountered 

before testing for the exponent. 

220 

9 

Restore 

the string pointer and return an indefinite value. 

221 

9 




222 

no number found 

• 


223 





224 


mov 

ax,NO_NUMBER 

; Set return status 

225 


fid 

indefTni te 

; Return an indefinite numeric value 

226 


jmp 

exit 


227 

9 




228 

9 

Test 

for a number of the form ???00000. 

229 

9 




230 

test 

terminating point: 


231 





232 


lodsb 


; Get last character 

233 


cmp 

al,'.' 

; Look for decimal point 

234 


jz 

enterjpower zeroes 

; Skip forward if found 

235 





236 


inc 

si 

; Else bump pointer back 

237 


jmp 

short enter power zeroes 

238 

; 




239 

9 

Too many decimal digits encountered. Attempt to remove leading and 

240 

• 

9 

trailing digits to bring the 

total into the bounds of the BCD format. 

241 

9 




242 

test 

for unneeded digits: 


243 





244 


std 


; Set autodecrement mode 

245 


or 

cx,cx 

? See if any digits appeared to the 

246 




? right of the decimal point 

247 


jz 

test terminating point ; Jump if none exist 

248 





249 


dec 

dx 

; Adjust digit counter for loop 

250 

9 




251 

9 

Scan 

backwards from the right skipping trailing zeroes. 

252 

9 

If the 

end of the number is 

encountered, dx=0 , the string consists of 

253 

9 

all zeroes! 
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iny 


254 

255 

256 


skip_trailing_zeroes: 


257 

2*58 

259 


inc 

dx 

9 

Bump digit count 


jz 

look_fo r_exponent 


Jump if string of zeroes found! 

260 


lodsb 


• 

Get next character 

261 


inc 

cx 

9 

Bump power value for each trailing 

262 

263 

264 


cmp 

jz 

al, '0' 

skip_trail ing zeroes 

9 

zero dropped 

265 


dec 

cx 

9 

Adjust power counter from loop 

266 


cmp 

al,'.' 

; 

Look for decimal point 

267 

268 


jnz 

scan^leading zeroes 

? 

Skip forward if none found 

269 

270 

? 

dec 

dx 

• 

Adjust counter for the decimal point 

271 

9 

The 

string is of the form: 

???? 

.0000000 


272 

273 

274 

275 

276 

277 

278 

279 

280 
281 
282 

283 

284 

285 

286 

287 

288 

289 

290 

291 

292 

293 

294 

295 

296 

297 

298 

299 

300 

301 

302 

303 

304 

305 

306 

307 

308 

309 

310 

311 

312 

313 

314 

315 

316 

317 

318 

319 

320 

321 

322 

323 

324 

325 

326 

327 


See if any zeroes exist to the left of the decimal point 
enter jpower^zeroes : 
dec dx 

skip power zeroes: 


inc 

jz 

lodsb 

inc 

cmp 

jz 

dec 


dx 

look_fo r__exponent 


cx 

al , ' 0 ' 

sk i p jpowe r_ze roes 


; Adjust diqit counter for loop 
; Bump diqit count 


; Get next character 
; Bump power value for each trailinq 
; zero dropped 


; Adjust power counter from loop 


Scan the leading digits from the left to see if they are zeroes, 
scan leading zeroes: 


lea 

cld 

mov 

lodsb 

cmp 

je 

cmp 

jne 


di,byte ptr [si+1] 
si ,str ing jptr 
al, ' + • 

skip_leading_zeroes 
al , 

enter leading zeroes 


; Save new end of number pointer 
; Set autoincrement mode 
; Set pointer to the start 
; Look for sign character 


Drop leading zeroes. None of them affect the power value in cx. 

We are guarenteed at least one non zero digit to terminate the loop. 


skip_leading_zeroes : 
lodsb 

enter^leading_zeroes s : 


; Get next character 


inc dx 

cmp a 1 , * 0 ' 

jz skip__leading_zeroes 

dec dx 

cmp al,'.' 

jnz test_dig i t_count 

Number is of the form 000.???? 

Drop all leading zeroes with no effect on the power value. 


; Bump digit count 
; Look for a zero 


; Adjust digit count from loop 
; Look tor 000.??? form 


skipjniddle_zeroes : 

inc dx 
lodsb 


; Remove the digit 
? Get next character 
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328 


cmp 

al , *0 ' 




329 


jz 

skip middle zeroes 




330 






331 


dec 

dx 


s 

Adjust digit count from loop 

332 

? 




333 

i 

All superflous zeroes are 

removed. Check if all is well now. 

334 

i 






335 

test digit count: 




336 







337 


cmp 

dx,-bcd count 




338 


jb 

too many digits found 



339 







340 


mov 

si ,di 


s 

Restore string pointer 

341 


jmp 

form bed value 




342 






343 

too many digits 

found : 




344 







345 


fid 

indefinite 


! 

Set return numeric value 

346 


mov 

ax, TOO MANY DIGITS 


t 

Set return flag 

347 


pop 

si 


t 

Get last address 

348 


jmp 

exit 




349 







350 


Build 

BCD form of the decimal 

ASCII string from right to left with 

351 


trailing zeroes and decimal 

point 

removed. Note that the only non 

352 


digit possible is a decimal 

point 

which can be safely ignored. 

353 


Test digit will correctly count 

dx back towards zero to terminate 

354 


the BCD 

build function. 




355 







356 

get digit loop: 





357 







358 


lodsb 



I 

Get next character 

359 


call 

test jdigi t 


; 

Check if digit and bump digit count 

360 


jc 

get^cTigi t_loop 


; 

Skip the decimal point if found 

361 







362 


shl 

al ,cl 


i 

Put digit into high nibble 

363 


or 

ah ,al 


9 

Form BCD byte in ah 

364 


mov 

bed byte [di ] ,ah 


9 

Put into BCD strinq 

365 


inc 

di ~ 


9 

Bump BCD pointer 

366 


or 

dx ,dx 


9 

Check if digit is available 

367 


jz 

look^for^exponent 




368 







369 

enter digit loor: 




37PI 







371 


1 odsh 



; 

Get next character 

372 


call 

test _d iq i t 


• 

Check if diqit 

373 


jc 

enter_digi t^loop 


; 

Skip the decimal point 

374 






375 


mov 

ah, al 


9 

Save digit 

376 


or 

dx ,dx 


9 

Check if digit is available 

377 


jnz 

get jdigit_loop 



378 






379 


mov 

bed byte l d i ] ,ah 


9 

Save last odd digit 

380 






381 


Look 

tor an exponent indicator. 


382 







383 

look for exponent: 




384 







385 


pop 

si 


; 

Restore string pointer 

386 


cld 



; 

Set autoincrement direction 

387 


mov 

di ,power_ten 


? 

Get current power of ten 

388 


lodsb 



? 

Get next character 

389 


cmp 

al , *e' 


s 

Look for exponent indication 

390 


je 

exponent^found 



I 

391 







392 


cmp 

al, ’E' 




393 


jne 

convert 




394 






395 


An exponent is expected, get 

its numeric value. 

396 







397 

exponent found: 





398 







399 


lodsb 



# 

Get next character 

400 


xor 

di ,di 


? 

Clear power variable 

401 


mov 

cx,di 


? 

Clear exponent sign flag and digit 


3-469 


207665-001 



AP-113 


inter 


402 

cmp 

al,*+» 

; Test for positive sign 

403 

je 

skip_powe resign 


404 




405 

cmp 

al,'-' 

; Test for negative sign 

406 

jne 

enter j?o we r_l oop 


407 

? 



408 

The 

exponent is negative. 


409 

t 



410 

inc 

ch 

; Set exponent sign flag 

411 




412 

skip power sign: 


413 

f 



414 

; Register usage: 


415 

# 



416 

9 

aj: exponent character being examined 

417 

9 

bx: return value 


418 

9 

ch : exponent sign flag 0 positive, 1 negative 

419 

9 

cl: digit flag 

0 no digits found, 1 digits found 

420 

9 

dx: not usable since 

test_digit increments it 

421 


si: string pointer 


422 

9 

di: binary value of 

exponent 

423 

9 



424 

; Scan off exponent digits until 

a non-digit is encountered. 

425 

; 



426 

power^loop: 



427 




428 

lodsb 


; Get next character 

429 




430 

enter power loop: 


431 




432 

mov 

ah , 0 

; Clear ah since ax is added to later 

433 

call 

test _dig i t 

; Test tor a digit 

434 

jc 

f o rm jpowe r _va 1 ue 

; Exit loop if not 

435 




436 

mov 

cl,l 

; Set power digit flag 

437 

sal 

di ,1 

; old*2 

438 

add 

ax,di 

? old*2+digi t 

439 

sal 

di , 1 

; oldM 

440 

sal 

di ,1 

? old*8 

441 

add 

di ,ax 

; old*10+digit 

442 

cmp 

di,HIGH EXPONENT+bcd count; Check if exponent is too big 

443 

jna 

power_loop 


444 

9 



445 

i The 

exponent is too large. 


446 

9 



447 

exponent overflow: \ 


448 




449 

mov 

ax , EXPONENT JTOO^BIG 

; Set return value 

4 50 

fid 

infinity 

; Return infinity 

451 

test 

bed sign, bed sign bit 

; Return correctly signed infinity 

452 

jz 

exit ~ 

; Jump if not 

453 




454 

fchs 


; Return -infinity 

455 

jmp 

short exit 


456 

9 



457 

; No 

exponent was found. 


458 

; 



459 

no exponent found: 


460 




461 

dec 

si 

; Put si back on terminating character 

462 

mov 

ax, NO EXPONENT 

; Set return value 

463 

fid 

indefinite 

; Set number to return 

464 

jmp 

short exit 


465 

9 



466 

; The 

string examination is complete. Form the correct power of ten. 

467 

9 



468 

form power value: 


469 

— 



470 

dec 

si 

; Backup string pointer to terminating 

471 



; character 

472 

rcr 

ch , 1 

; Test exponent sign flag 

473 

jnc 

posit ivejexponent 


474 




475 

neg 

di 

; Force exponent negative 
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inteT 

<$ 


476 





All 

positive exponent: 


478 





479 


rcr 

cl,l 

; Test exponent digit flag 

480 


jnc 

no_exponent__found 

; If zero then no exponent digits were 

481 




; found 

482 


add 

d i , power ten 

; Form the final power of ten value 

483 


cmp 

di ,LOW_EXPONENT 

; Check if the value is in range 

484 


js 

exponen trover flow 

; Jump if exponent is too small 

485 





486 


crap 

di ,HIGH_EXPONENT 


487 


jg 

exponenFjoverflow 


488 





489 


inc 

si 

; Adjust string pointer 

490 

! 




491 

9 

Convert the base 10 number 

to base 2. 

492 

9 

Note: 

10**exp = 2** (exp* log 2 (10) ) 

493 

9 




494 

9 

di has 

binary power of ten value to scale the BCD value with. 

495 

9 




496 

convert 




497 





498 


dec 

si 

; Bump string pointer back to last character 

499 


raov 

ax , di 

; Set power of ten to calculate 

500 


or 

ax, ax 

? Test for positive or negative value 

501 


js 

get negati ve_power 


502 

9 




503 

9 

Scale the BCD value by a value >= 1. 

504 

9 




505 


call 

get__powe r_10 

; Get the adjustment power of ten 

506 


f bid 

bcd_fo rm 

; Get the digits to use 

507 


fraul 


; Form converged result 

508 


jmp 

short done 


509 

9 




510 

9 

Calculate a power of ten value > 1 then divide the BCD value with 

511 

9 

it. This technique is more exact than multiplying the BCD value by 

512 

9 

a fraction since no negative 

power of ten can be exactly represented 

513 

9 

in binary floating point. Using this technique will guarentee exact 

514 

9 

conversion of values like .5 

and .0625. 

515 

J 




516 

get negative power: 


517 





518 


neg 

ax 

; Force positive power 

519 


call 

get_power 10 

; Get the adjustment power of ten 

520 


f bid 

bcd^form 

; Get the digits to use 

521 


fdi vr 


; Divide fractions 

522 


fxch 


; Negate scale factor 

523 


fchs 



524 


fxch 



525 

9 




526 

9 

All 

done, set return values 

• 

527 

9 




528 

done: 




529 





530 


f scale 


; Update exponent of the result 

531 


mov 

ax, NUMBER FOUND 

; Set return value 

532 


f stp 

st (1) 

; Remove the scale factor 

533 





534 

exit: 




535 




* 

536 


mov 

di, status ptr 

; Set status of the conversion 

537 


mov 

word ptr Tdi] ,ax 


538 


mov 

di ,endjptr 

; Set ending string address 

539 


mov 

word ptr [di] ,si 


540 


mov 

sp,bp 

; Deallocate local storage area 

541 


pop 

bp 

; Restore caller's environment 

542 


fwait 


; Insure all loads from memory are done 

543 


ret 

parms^size 


544 

? 




545 

9 

Test 

if the character in al 

is an ASCII digit. 

546 

9 

If so 

then convert to binary. 

bump cx, and clear the carry flag. 

547 

9 

Else leave as is and set the 

carry flag. 


% 
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548 

; 



549 

test_digi t: 



550 

’** cmp 

al. 

9' 

551 

ja 

not 

digit 

552 




553 

cmp 

al,' 

0. 

554 

jb 

not 

digit 

555 

9 


556 

; Character 

is a d] 

557 

i 


558 

inc 

dx 


559 

sub 

al. 

0 • 

560 

ret 



561 

i 



562 

: Character 

is not 

563 

9 



564 

notjdigi t : 



565 

~ stc 



566 

ret 



567 




568 

ascii to floating endp 

569 

code 

ends 

570 


end 


ASSEMBLY COMPLETE, NO 

ERRORS FOUND 


; See if a digit 


? Bump digit count 

; Convert to binary and clear carry flag 


; Leave as is and set the carry flag 


APPENDIX E 


OVERVIEW 

Appendix E contains three trigonometric functions for 
sine, cosine, and tangent. All accept a valid angle argu- 
ment between - 2 62 and + 2 62 . They may be called from 
PLM/86, PASCAL/86, FORTRAN/86 or ASM/86 
functions. 

They use the partial tangent instruction together with 
trigonometric identities to calculate the result. They are 
accurate to within 16 units of the low 4 bits of an ex- 
tended precision value. The functions are coded for 
speed and small size, with tradeoffs available for greater 
accuracy. 

FPTAN and FPREM 

These trigonometric functions use the FPTAN instruc- 
tion of the NPX. FPTAN requires that the angle argu- 
ment be between 0 and PI/4 radians, 0 to 45 degrees. 
The FPREM instruction is used to reduce the argument 
down to this range. The low three quotient bits set by 
FPREM identify which octant the original angle was in. 

One FPREM instruction iteration can reduce angles of 
10 18 radians or less in magnitude to PI/4! Larger values 
can be reduced, but the meaning of the result is ques- 
tionable since any errors in the least significant bits of 
that value represent changes of 45 degrees or more in the 
reduced angle. 

Cosine Uses Sine Code 

To save code space, the cosine function uses most of the 
sine function code. The relation sin (|A| + PI/2) = 
cos(A) is used to convert the cosine argument into a sine 


argument. Adding PI/2 to the angle is performed by 
adding OIO 2 to the FPREM quotient bits identifying the 
argument’s octant. 

It would be very inaccurate to add PI/2 to the cosine 
argument if it was very much different from PI/2. 

Depending on which octant the argument falls in, a dif- 
ferent relation will be used in the sine auid tangent func- 
tions. The program listings show which relations are 
used. 

For the tangent function, the ratio produced by FPTAN 
will be directly evaluated. The sine function will use 
either a sine or cosine relation depending on which oc- 
tant the angle fell into. On exit these functions will nor- 
mally leave a divide instruction in progress to maintain 
concurrency. 

If the input angles are of a restricted range, such as from 
0 to 45 degrees, then considerable optimization is pos- 
sible since full angle reduction and octant identification 
is not necessary. 

All three functions begin by looking at the value given 
to them. Not a number (NAN), infinity, or empty regis- 
ters must be specially treated. Unnormals need to be 
converted to normal values before the FPTAN instruc- 
tion will work correctly. Denormals will be converted to 
very small unnormals which do work correctly for the 
FPTAN instruction. The sign of the angle is saved to 
control the sign of the result. 

Within the functions, close attention was paid to main- 
tain concurrent execution of the 8087 and host. The 
concurrent execution will effectively hide the execution 
time of the decision logic used in the program. 
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SOURCE 

$title(8087 Trignometric Functions) 


3 


public 

4 


name 

5 

6 +1 
7 

$include (:fl: 

8087. anc) 

8 

? Define 8087 w 

9 

; 


10 

cw 87 

record 

11 

& 


12 

& 


13 

& 


14 



15 

sw 87 

record 

16 

& ~ 


17 

& 


18 

& 


19 



20 , 

tw 87 

record 

21 

& 


22 



23 

1 ow_i p_8 7 

record 

24 



25 

high ip op 87 

record 

26 

- — 


27 

low_op_87 

record 

28 



29 

high _pp_87 

record 

30 



31 

envi ronment_87 

struc 

32 

env87 cw 

dw 

33 

env87 jsw 

dw 

34 

env87~tw 

dw 

35 

env87_JLow ip 

dw 

36 

env872hip~op 

dw 

37 

env87_low~op 

dw 

38 

env87 Jhop 

dw 

39 

envi ronment^87 

ends 

40 

0 


41 

i Define 8087 r 

42 

; 


43 

TOP_VALUEJ[NC 

equ 

44 



45 

VALID TAG 

equ 

46 

ZERO TAG 

equ 

47 

SPECIAL TAG 

equ 

48 

EMPTY TAG 

equ 

49 

REGISTER_MASK 

equ 

50 


51 

0 


52 

S Define local i 

53 

9 


54 

stack 

segment 

55 



56 

local area 

struc 

57 

swl 

dw 

58 

local area 

ends 

59 



60 


db 

61 

stack 

ends 

62 



63 

code 

segment 

64 


assume 

'65 

9 


66 

? Define local < 

67 

i 


68 

status 

equ 

69 


70 


even 

71 



72 

pi^cjuarter 

dt 


sine , cosine , tangent 
trig functions 


precision_control : 2 , error _enable : 1 , ris872 : 1 , 
precision jmask : 1 , unde r f low juask : 1 , overf lowjnask : 1 , 
zero_di vide jnask : 1 , denormal mask : 1 , inval id maskrl 


error joend ing:l, res 873:1, preci sion_er ror : 1 , 

underf low^error : 1 , overf low_error : 1 , zeroed ivide_error : 1 , 

denormal error : 1 , inval id erroril 


reg3_tag: 2 , reg2_tag : 2 f reg l_tag : 2 , reg0_tag : 2 
low ip:16 

hi__ip:4,res874:l,opcode__8 7:ll 
low_op: 16 
hi __op:4, res 875:12 

; 8087 environemnt layout 

? 

? 


sw_87 <0,0, 1,0,0, 0,0, 0,0, 0,0,0, 
0 ; Tag register values 


size local area+4 


; 8087 status value 
4 ; Allocate stack space 


8087 status value location 
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inter 


73 

74 

75 

76 

77 

78 

79 

80 
81 
82 

83 

84 

85 

86 

87 

88 

89 

90 

91 

92 

93 

94 

95 

96 

97 

98 

99 
100 
101 
102 

103 

104 

105 

106 


indefinite 


dd 


0FFC00000R 


; Indefinite special value 


141 

142 

143 

144 

145 


This subroutine calculates the sine or cosine of the angle, given in 
radians. The angle is in ST(0), the returned value will be in ST(0). 
The result is accurate to within 7 units of the least significant three 
bits of the NPX extended real format. The PLM/86 definition is: 

sine: procedure (angle) real external; 

declare angle real; 
end sine; 

cosine: procedure (angle) real external; 
declare angle real; 
end cosine; 

Three stack registers are required. The result of the function is 
defined as follows for the following arguments: 


angle 


result 


valid or unnormal less than 2**62 in magnitude correct value 
zero 

denormal 

valid or unnormal greater than 2**62 
infinity 
NAN 
empty 


or 1 

correct denormal 

indefinite 

indefinite 

NAN 

empty 


This function is based on the NPX fptan instruction. The fptan 
instruction will only work with an angle of from 0 to PI/4. With this 
instruction, the sine or cosine of angles from 0 to PI/4 can be accurately 


107 


sine or cosine 

by using one of 

four possible operations: 

108 





109 



Let R * langle 

mod PI/4! 

110 



S = -1 or 

1, according to the sign of the angle 

111 





112 ' 


1) sin (R) 

2) cos (R) 

3) sin (PI/4-R) 4) cos(PI/4-R) 

113 





114 


The choice of 

the relation and the sign of the result follows the 

115 


decision table 

shown below based on the octant the angle falls in: 

116 





117 


octant 

sine 

cosine 

118 





119 


0 

S*1 

2 

120 


1 

S*4 

3 

121 


2 

S*2 

-1*1 

122 


3 

S*3 

-1*4 

123 


4 

-S*l 

-1*2 

124 


5 

-S*4 

-1*3 

125 


6 

-S*2 

1 

126 


7 

-S*3 

4 

127 




128 





129 





130 


Angle to sine 

function is a 

zero or unnormal. 

131 




132 sine 

zero unnormal: 



133 





134 


fstp s t ( 1 ) 


; Remove PI/4 

135 


jnz enter sine normalize 

; Jump if angle is unnormal 

136 





137 


Angle is a zero. 


138 





139 


pop bp 


; Return the zero as the result 

140 


ret 




Angle is an unnormal, 
enter sine normalize: 
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.46 


call 

normal ize_value 



147 


jmp 

short enter_sine 



148 






149 

cosine 

proc 


i 

Entry point to cosine 

150 






151 


fxam 



Look at the value 

152 


push 

bp 


Establish stack addressibi 1 i ty 

153 


sub 

sp,size local area 


Allocate stack space for status 

154 


mov 

bp, sp 



155 


fstsw 

status 


Store status value 

156 


fid 

pi quarter 


Setup for angle reduce 

157 


mov 

cl7l 


Signal cosine function 

158 


pop 

ax 


Get status value 

159 


lahf 



ZF * C3 , PF * C2 , CF = C0 

160 


jc 

f unny _j?a r ame te r 


Jump if parameter is 

161 





empty, NAN, or infinity 

162 

? 




> 

163 

9 

Angle 

is unnormal, normal, zero, denormal. 

164 

9 





165 


fxch 



st (0) = angle, st(l) * PI/4 

166 


jpe 

enterjsine 


Jump if normal or denormal 

167 

9 





168 

9 

Angle 

is an unnormal or zero. 



169 

9 





170 


f stp 

st (1) 


Remove PI/4 

171 


jnz 

enter sine normalize 



172 

• 





173 

9 

Angle 

is a zero. cos(0) * 1.0 



174 

i 





175 


f stp 

st<0) 


Remove 0 

176 


pop 

bp 


Restore stack 

177 


fldl 



Return 1 

178 


ret 




179 

9 





180 

; 

All work is done as a sine function. 


3y adding PI/2 to the angle 

181 

; 

a cosine is converted to a sine. Of course the angle addition is not 

182 

; 

done to 

the argument but rather to the 

program loaic control values. 

183 

9 





184 

sine: 




Entry point for sine function 

185 






186 


fxam 



Look at the parameter 

187 


push 

bp 


Establish stack addressibi 1 i ty 

188 


sub 

sp,size local_area 


Allocate local space 

189 


mov 

bp, sp 



190 


fstsw 

status 


Look at fxam status 

191 


fid 

pi jquarter 


Get PI/4 value 

192 


pop 

ax 


Get fxam status 

193 


lahf 



CF = C0, PF = C 2 , ZF = C 3 

194 


jc 

f unny_par ante ter 


Jump if empty, NAN, or infinity 

195 

9 





196 

9 

Angle is unnormal, normal, zero, or 

denormal . 

197 

9 





198 


fxch 



ST ( 1 ) = PI/4, s t ( 0 ) angle 

199 


mov 

cl,0 


Signal sine 

200 


jpo 

sine^zero unnormal 


Jump if zero or unnormal 


ST ( 0 ) is either a normal or denormal value. Both will work. 

Use the fprem instruction to accurately reduce the range of the given 
angle to within 0 and PI/4 in magnitude. If fprem cannot reduce the 
angle in one shot, the angle is too big to be meaningful, > 2**62 
radians. Any roundoff error in the calculation of the angle given 
could completely change the result of this function. It is safest to 
call this very rare case an error. 


enter jsine: 

fprem 


mov sp,bp 

fstsw status 


Reduce angle 

Note that fprem will force a 
denormal to a very small unnormal 
Fptan of a very small unnormal 
will be the same very small 
unnormal, which is correct. 
Allocate stack space for status 
Check if reduction was complete 
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I 


inteT 


220 






Quotient in C0,C3,C1 

221 



pop 

bx 


Get fprem status 

222 



test 

bh, high (mask cond2) 

; 

sin (2*N*PI+x) « sin (x) 

223 



jnz 

angle JtooJbig 



224 

i 






225 



Set sign flags and test for which eighth of the revolution the 

226 



angle fell into. 



227 







228 

< 


Assert: 

-PI/4 < s t ( 0 ) < PI/4 



229 

! 






230 



fabs 


i 

Force the argument positive 

231 


’ 




condl bit in bx holds the sign 

232 



or 

cl ,cl 

i 

Test for sine or cosine function 

233 



jz 

sine jselect 


Jump if sine function 

234 







235 



This 

is a cosine function. Ignore 

the 

original sign of the angle 

236 



and add 

a quarter revolution to the octant id from the fprem instruction. 

237 



cos (A) 

= sin(A+PI/2) and cos(|Af) * cos(A) 

238 







239 



and 

ah, not high(mask condl) 


Turn off sign of argument 

240 



or 

bh,high(mask busy) 


Prepare to add 010 to C0,C3,C1 

241 






status value in ax 

242 






Set busy bit so carry out from 

243 



add 

bh,high(mask cond3) 


C3 will go into the carry flag 

244 



mov 

al,0 


Extract carry flag 

245 



rcl 

al,l 


Put carry flag in low bit 

246 



xor 

bh ,al 


Add carry to C0 not chanqinq 

247 






Cl flag 

248 







249 



See if the argument should be reversed, 

depending on the octant in 

250 



which the argument fell during fprem. 


' 

251 







252 

sine select: 




253 







254 



test 

bh,high(mask condl) 


Reverse angle if Cl * 1 

255 



jz 

no sine reverse 



256 




— — 



257 



Angle 

was in octants 1,3, 5,7. 


% 

258 







259 



f sub 



Invert sense of rotation 

260 



jmp 

short do jsine^fptan 


0 < arg <* PI/4 

261 







262 



Angle 

was in octants 0, 2,4,6. 



263 



Test for a zero argument since fptan 

will not work if st(0) * 0 

264 







265 

no 

sine reverse 

• 



266 


— - 



> 

267 



f t St 



Test for zero angle 

268 



mov 

sp,bp 

; Allocate stack space 

269 



f stsw 

status 


cond3 = 1 if st(0) * 0 

270 



fstp 

st(l) 


Remove PI/4 

271 



popl 

cx 


; Get ftst status 

272 



test 

ch,high(mask cond3) 


; If C3=l, argument is zero 

273 



jnz 

sine_argument__zero 



274 







275 



Assert : 

0 < s t ( 0 ) <= PI/4 



276 







277 

do 

sine fptan: 




278 



- — 




279 



fptan 



; TAN ST ( 0 ) * ST(1)/ST(0) = Y/X 

280 







281 

after sine fptan: 



282 







283 



pop 

bp 


; Restore stack 

284 



test 

bh,high(mask cond3 + mask condl) 

; Look at octant angle fell into 

285 



jpo 

X numerator 


; Calculate cosine for octants 

286 






? 1.2, 5,6 

287 







288 



Calculate the sine of the argument 

a 


289 



sin (A) 

* tan (A) /sqrt (1+tan (A) **2) 


if tan (A) * Y/X then 

290 



sin(A) 

* Y/sqr t (X*X + Y*Y) 



291 







292 



fid 

St (1) 


; Copy Y value 

293 



jmp 

short finish_sine 


; Put Y value in numerator 
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294 





295 


The top of the stack is either 

NAN, infinity, or empty. 

296 

i 




297 

funny parameter 

: 


298 





299 


f stp 

st(0) 

; Remove PI/4 

300 


jz 

returnjempty 

; Return empty i f no parm 

301 





302 


jpo 

return NAN 

; Jump if st(0) is NAN 

303 





304 


st (0) 

is infinity. Return an 

indefinite value. 

305 





306 


f prem 


; ST ( 1 ) can be anythinq 

307 





308 

return NAN: 



309 

return empty: 



310 





311 


pop 

bp 

; Restore stack 

312 


ret 


; Ok to leave fprem running 

313 





314 


Simul 

ate fptan with st(0) * 0 


315 





316 

sine argument zero: 


317 





318 


fldl 


; Simulate tan(0) 

319 


jmp 

af ter_sine__f ptan 

; Return the zero value 

320 




321 


The angle was too large. Remove the modulus and dividend from the 

322 


stack and return an indefinite result. 

323 





324 

angle too big: 



325 





326 


fcompp 


; Pop two values from the stack 

327 


fid 

indefinite 

; Return indefinite 

328 


pop 

bp 

; Restore stack 

329 


fwait 


; Wait for load to finish 

330 


ret 



331 





332 


Calculate the cosine of the argument. 

333 


cos (A) 

= l/sqrt(l+tan(A)**2) 

if tan (A) = Y/X then 

334 


cos (A) 

= X/sqrt (X*X + Y*Y) 


335 





336 

X numerator: 



337 





338 


fid 

st (0) 

; Copy X value 

339 


f xch 

st (2) 

; Put X in numerator 

340 





341 

finish sine: 



342 





343 


fmul 

st ,st (0) 

? Form X*X + Y*Y 

344 


f xch 



345 


fmul 

st ,st (0) 

% 

346 


fadd 


; st (0) « X*X + Y*Y 

347 


f sqrt 


; st(0) = sqrt (X*X + Y*Y) 

348 





349 





350 


Form 

the sign of the result. 

The two conditions are the Cl flag from 

351 


FXAM in 

bh and the C0 flag from 

fprem in ah. 

352 



353 


and 

bh,high(mask cond0) 

; Look at the fprem C0 flag 

354 


and 

ah,high(mask condl) 

? Look at the fxam Cl flag 

355 


or 

bh,ah 

; Even number of flags cancel 

356 


jpe 

posi ti vejsine 

; Two negatives make a positive 

357 





358 


fchs 


; Force result negative 

359 



\ 


360 

positive sine: 



361 





362 


fdi v 


; Form final result 

363 


ret 


? Ok to leave fdiv running 

364 





365 

cosine endp 



366 
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367 

368 

369 

370 

371 

372 

373 

374 

375 

376 

377 

378 

379 
/ 380 

381 

382 

383 

384 

385 

386 

387 

388 

389 

390 

391 

392 

393 

394 

395 

396 

397 

398 

399 

400 

401 

402 

403 

404 

405 

406 

407 

408 

409 

410 

411 

412 

413 

414 

415 

416 

417 

418 

419 

420 

421 

422 

423 

424 

425 

426 
4~27 

428 

429 

430 

431 

432 

433 

434 

435 

436 

437 

438 

439 

440 


; This function will calculate the tangent of an angle. 

; The angle, in radians is passed in ST(0), the tangent is returned 

? in ST ( 0 ) . The tangent is calculated to an accuracy of 4 units in the 

; least three significant bits of an extended real format number. The 

; PLM/86 calling format is: 

; tangent: procedure (angle) real external; 

; declare angle real; 

; end tangent; 

; Two stack registers are used. The result of the tangent function is 

; defined for the following cases: 

; 

; v angle 

; valid or unnormal < 2**62 in magnitude 

; 0 
; denormal 

; valid or unnormal > 2**62 in magnitude 

; NAN 

; infinity 

; empty 

; The tangent instruction uses the fptan instruction. 

; relations are used: 

; Let R = I angle MOD PI/4 1 

; S * -1 or 1 depending on the sign of the angle 

; 1) tan (R) 2) tan(PI/4-R) 3) l/tan(R) 4) 1/tan (PI/4-R) 


result 

correct value 
0 

correct denormal 

indefinite 

NAN 

indefinite 

empty 

Four possible 


The following table is used to decide which relation to use depending 
on in which octant the angle fell. 


octant 

relation 


0 

S*1 


1 

S*4 


2 

-S*3 


3 

-S*2 


4 

S*1 


5 

S*4 


6 

-S*3 


7 

-S*2 


proc 



f xam 


; Look at the parameter 

push 

bp 

; Establish stack addressibi 1 i ty 

sub 

sp,size local area 

; Allocate local variable space 

mov 

bp,sp 


f stsw 

status 

; Get fxam status 

fid 

pi ^quarter 

; Get PI/4 

Pop 

lahf 

ax 

; CF * C0, PF = C2, ZF * C3 

jc 

f unnyjparameter 


Angle 

is unnormal, normal, zero, or 

denormal . 

f xch 
jpe 

tan^zerojunnormal 

; st(0) * angle, st(l) * PI/4 

Angle 

is either an normal or denormal. 

Reduce 

the angle to the range -PI/4 < 

result < PI/4. 


; If fprem cannot perform this operation in one try, the magnitude of the 

; angle must be > 2**62. Such an angle is so large that any rounding 

; errors could make a very large difference in the reduced angle. 

; It is safest to call this very rare case an error* 

tan normal: 


fprem ; Quotient in C0,C3,C1 

; Convert denormals into unnormals 
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441 


mov sp,bp 


; Allocate stack spce 

442 


fstsw status 


; Quotient identifies octant 

443 




; original angle fell into 

444 


pop bx 


; tan (PI*N+x) = tan(x) 

445 


test bh , high (mask cond2) 


; Test for complete reduction 

446 


jnz angle^too Jaig 


; Exit if angle was too big 

447 





448 


See if the angle must be reversed. 


449 





450 


Assert: -PI/4 < st(0) < PI/4 



451 





452 


fabs 


; 0 <= s t ( 0 ) < PI/4 

453 




? Cl in bx has the sign flag 

454 


test bh, high (mask condl) 


; must be reversed 

455 


jz no tan reverse 



456 





457 


Angle fell in octants 1,3, 5, 7. 

Reverse it, subtract it from PI/4. 

458 





459 


f sub 


; Reverse angle 

460 


jmp short do^tangent 



461 





462 


Angle is either zero or an unnormal. 


463 





464 

tan zero unnormal: 



465 





466 


fstp st(l) 


; Remove PI/4 

467 


jz tan_angle_zero 



468 





469 


Angle is an unnormal. 



470 





471 


call normalize value 



472 


jmp tan normaF 



473 





474 

tan anqle zero: 



475 





476 


pop bp 


; Restore stack 

477 


ret 



478 





479 


Angle fell in octants 0,2, 4, 6. 

Test 

for st(0) = 0, fptan won't work 

480 





481 

no tan reverse: 



482 





483 


f tst 


; Test for zero angle 

484 


mov sp,bp 


; Allocate stack space 

485 


fstsw status 


; C3=l if st(0) =0 

486 


fstp st(l) 


; Remove PI/4 

487 


pop cx 


; Get ftst status 

488 


test ch,hiqh(mask cond3) 



489 


jnz tan__zero 



490 





491 

do tangent: 



492 





493 


f ptan 


; tan ST(0) = ST(1)/ST(0) 

494 





495 

after tangent: 



496 





497 


Decide on the order of the operands 

and their sign for the divide 

498 


operation while the fptan instruction 

is working. 

499 





500 


pop bp 


; Restore stack 

501 


mov al,bh 


; Get a copy of fprem C3 flag 

502 


and ax, mask condl + high(mask 

cond3); Examine fprem C3 flag and 

503 




; fxtract Cl flag 

504 


test bh,high(mask condl + mask 

cond3); Use reverse divide if in 

505 




; octants 1,2, 5,6 

506 


jpo reverse_di vide 


; Note! parity works on low 

507 




; 8 bits only! 

508 





509 


Angle was in octants 0,3, 4, 7. 



510 


Test for the sign of the result. 

Two 

negatives cancel. 

511 





512 


or al,ah 



513 


jpe posi ti ve^divide 
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positive divides 


? Force result negative 


? Form result 

; Ok to leave fdiv running 


tan zero: 


; Force 1/0 * tan(PI/2) 


jmp after^tangent 

Angle was in octants 1,2,5, 6. 

Set the correct sign of the result. 


reverse divide: 


al ,ah 

po s i t i ve^r ^divide 


Force result negative 


posi tive_r_divide: 


tangent endp 


Form reciprocal of result 
Ok to leave fdiv running 


This function will normalize the 
Then PI/4 is placed into st(l). 


value in st (0) • 


normal i ze jvalue : 

f abs 
f xtract 
fldl 

fadd s 

f sub 
f scale 
f stp £ 

fid f 

f xch 
ret 


st (1) ,st 


st(l) 

pi quarter 


Force value positive 

0 <* st(0) < 1 

Get normalize bit 

Normalize fraction 

Restore original value 

Form original normalized value 

Remove scale factor 

Get PI/4 


ASSEMBLY COMPLETE, NO ERRORS FOUND 
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INTRODUCTION 

As the performance of microcomputers has improved, 
the types of functions performed by these microcom- 
puters have grown. One application filled by these 
machines has been to perform typical “adding 
machine” type calculations, balancing ledgers, etc. This 
type of machine has come to be called a “small business 
computer.” To be a true business computer, however, 
the types of operations performed by these machines 
need to be expanded beyond simple “balance the 
books” types of operations. There are many algorithms 
that have been impractical for these small business com- 
puters because the number of calculations required by 
the algorithms and the performance available from 
these machines did not make them feasible. Such opera- 
tions were available only on large mainframe or mini- 
computers. With the introduction of the iAPX 86/20, a 
microcomputer can finally perform these types of 
calculations at a cost level appropriate to small business 
computers. 

The iAPX 86/20 features the Intel 8086 with the 8087 
numerics co-processor. This combination allows for 
high-performance, high-precision numeric calculations. 
Many types of operations require this performance to 
provide accurate results in a reasonable amount of time. 
This increased performance will also be particularly 
welcome in the interactive user environment typically 
found in small business computers. It is very frustrating 
to wait many seconds or even minutes after hitting 
“return” for the computer to generate results. 

In general, if there are many methods to solving a 
business computer problem, the method requiring the 
largest number or calculations will provide the best 
results. In many applications, approximate methods 
have been used because the speed of the hardware (or 
the cost of the computer time) did not allow a more ex- 
act method to be used. Because of the high performance 
of the iAIJX 86/20, these numeric intensive methods 
may now be used in small business computer software. 

The types of calculations demonstrated in this note are: 

• Interest and Annuities. These calculations require 
the use of floating point multiplication, division, 
exponentiation and logarithms. These calculations 
are used to determine the present or future value 
of certain types of funds. 

• Restocking. These iterative calculations require 
extensive use of floating point multiplication and 
division. They are used to determine the optimum 
restocking times for a given item when the set-up 
charges, holding costs and demand for the item 
are known or can be estimated. 


• Linear Programming. These calculations; require 
extensive use of floating point multiplication and 
division. One of many applications for linear pro- 
gramming is the determination of optimum pro- 
duction quantities of diverse products when the 
quantities of their various constituents are both 
overlapping and limited. 

iAPX 86/20 HARDWARE OVERVIEW 

The iAPX 86/20 is a 16-bit microprocessor based on the 
Intel 8086 CPU. The 8086 CPU features eight internal 
general-purpose 16-bit registers, memory segmentation, 
and many other features allowing for efficient code 
generation from high-level language compilers. When 
augmented with the 8087, it becomes a vehicle for high- 
speed numerics processing. The 8087 adds eight 80-bit 
internal floating point registers, and a floating point 
arithmetic logic unit (ALU) which can speed floating 
point qperations up to 100 times over other software 
floating point simulators or emulators. 

The 8086 and 8087 execute a single instruction stream. 
The 8087 monitors this stream for numeric instructions. 
When a numeric instruction is decoded, the 8086 
generates any needed memory addresses for the 8087. 
The 8087 then begins instruction execution automat- 
ically. No other software interface is required, unlike 
other floating point processors currently available 
where, for example, the main processor must explicitly 
write the floating point numbers and commands into the 
floating point unit. The 8086 then continues to execute 
non-numeric instructions until another 8087 instruction 
is encountered, whereupon it must wait for the 8087 to 
complete the previous numeric instruction. The over- 
lapped 8086 and 8087 processing is known as concur- 
rency: Under ideal conditions, it effectively doubles the 
throughput of the processor. However, even when a 
steady stream of numeric instructions is being executed 
(meaning there is no concurrency), the numeric per- 
formance of the 8087 ALU is much greater than that of 
the 8086 alone. 

The hardware interface between the 8086 and the 8087 is 
equally simple. Hardware handshaking is performed 
through two sets of pins. The RQ/GT pin is used when 
the 8087 needs to transfer operands, status, or control 
information to or from memory. Because the 8087 can 
transfer information to and from memory independent 
of the 8086, it must be able to become the “bus 
master,” that is, the processor with read and write con- 
trol of all the address, data and status lines. Only one 
unit is permitted to have control of these lines at a time; 
chaos would exist otherwise, like four people talking at 
once with each trying to understand the others. 
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The TEST/ BUSY pin is used to manage the concur- 
rency mentioned above. Whenever the 8087 is executing 
an instruction, it sets the BUSY pin on high. A single 
8086 instruction (the WAIT instruction) tests the state 
of this pin. If this pin is high, the WAIT instruction will 
cause the 8086 to wait until the pin is returned to low. 
Therefore, to insure that the 8086 does not attempt to 
fetch a numeric instruction while the 8087 is still work- 
ing on a previous numeric instruction, the WAIT in- 
struction needs to be executed. The 8086/87/88 
assembler, in addition to all Intel compilers, auto- 
matically inserts this WAIT instruction before most 
numeric instructions. Software polling can be used to 
determine the state of the BUSY pin if hardware hand- 
shaking is not desired. 

Most other lines (address, status, etc.) are connected 
directly in parallel between the 8086 and the 8087. An 
exception to this is the 8087 interrupt pin which must be 
routed to an external interrupt controller. An example 
iAPX 86/20 system is shown in Figure 1 . A more com- 
plete discussion of both the handshaking protocol be- 
tween the 8086 and the 8087 and the internal operation 
of the 8087 can be found in the application note Getting 
Started With the Numeric Data Processor , AP-113 by 
Bill Rash, or by consulting the numerics section of the 
July 1981 iAPX 86,88 Users Manual. 


In addition to the 8087 hardware, the 8086 is also sup- 
ported by Intel compilers for both Pascal and FOR- 
TRAN. Code generated by these compilers can easily be 
combined with code generated from the other compiler, 
from the Intel 8086/87/88 macro assembler or the Intel 
PL/M compiler. In addition, these compilers produce 
in line code for the 8087 when numeric operations are 
required. By producing in line code rather than calls to 
floating point routines, the software overhead of an un- 
necessary procedure call and return is eliminated. The 
combination of both hardware co-processors and soft- 
ware support for the iAPX 86/20 provides for greater 
performance of both the end product, and its develop- 
ment effort. 

ROUTINES IMPLEMENTED 

All routines implemented in this application note were 
written entirely in either Pascal 86 or FORTRAN 86. In 
addition, a FORTRAN program available from IMSL 1 
for use in solving linear programs was used. In each 


^MSL, Inc., Sixth Floor-NBC Building, 7500 Bellaire 
Boulevard, Houston, Texas, 77036. (713) 722-1927. 



Figure 1. Typical 86/20 System 
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case, the routine was executed using a 5 MHz iAPX 
86/20 on an iSBC86/12 board contained within an Intel 
Intellec™ Series III development system. The programs 
can be executed on any iAPX 86/20 (or iAPX 88/20) 
with sufficient memory, however. In general, the 
memory requirements for the programs were not 
substantial. Source listings for all routines written for 
this note are located in the appendix. 

All routines were run using both the 8087 and the 8087 
software emulator. The 8087 software emulator is a 
software package exactly emulating the internal opera- 
tion of the 8087 using 8086 instructions. When the 
emulator is used, an 8087 is not required. The emulator 
is a software product available from Intel as part of the 
8087 support library. The performance of the 8087 
hardware is much better than that of the software 
emulator, as one would expect from a specialized floating 
point unit. 

In some routines, values are quoted for the various data 
formats supported by the 8087. For real numbers, these 
formats are short real, long real, and temporary real. 
The differences among the three are in the number of 
bits allocated to represent a given floating point 
number. 

In all real numbers, the data is split into three fields: the 
sign bit, the exponent field and the mantissa field. The 
sign bit indicates whether the number is positive or 
negative. The exponent and mantissa together provide 
the value of the number: the exponent providing the 
power of two of the number, and the mantissa pro- 
viding the “normalized” value of the number. A “nor- 
malized” number is one which always lies within a cer- 
tain range! By dividing a number by a certain power of 
two, most numbers can be made to lie between the 


numbers 1 and 2. The power of two by which the 
number must be divided to fit within this range is the 
exponent of the number, and the result of this division is 
the mantissa. This type of operation will not work on all 
numbers (for example, no matter what one divides zero 
by, the result is always zero), so the number system must 
allow for these certain “special cases.” 

As the size of the exponent grows, the range of numbers 
representable also grows, that is, larger and smaller 
numbers may be represented. As the size of the mantissa 
grows, the resolution of the points within this range 
grows. This means the distance between any two adja- 
cent numbers decreases, or, to put it another way, finer 
detail may be represented. Short real numbers provide 
eight exponent bits and 23 significand or mantissa bits. 
Long real numbers provide 11 exponent bits and 52 
significand bits. Temporary real numbers provide 15 ex- 
ponent bits and 63 significand bits. These data formats 
are shown in Figure 2. Thus, of the three data formats 
implemented, short real provides the least amount of 
precision, while temporary real provides the greatest 
amount of precision. These levels of precision represent 
only the external mode of storage for the numbers; in- 
side the 8087 all numbers are represented in temporary 
real precision. Numbers are automatically converted 
into the temporary real precision when they are loaded 
into the 8087. In addition to real format numbers, the 
8087 automatically converts to and from external 
variables stored as 16, 32 or 64-bit integers, or 80-bit 
binary coded decimal (BCD) numbers. 

Memory requirements also increase as precision in- 
creases. Whereas a short real number requires only four 
bytes of storage (32 bits), a long real number requires 
eight bytes (64 bits) and a temporary real number 10 


TEMPORARY REAL 



NOTES: 

S = SIGN BIT (0 = POSITIVE, 1 = NEGATIVE) 

A = POSITION OF IMPLICIT BINARY POINT 

I = INTEGER BIT OF SIGNIFICAND; STORED IN TEMPORARY REAL, 
IMPLICIT IN SHORT AND LONG REAL 
EXPONENT BIAS (NORMALIZED VALUES): 

SHORT REAL: 127 (7FH) 

LONG REAL: 1023 (3FFH) 

TEMPORARY REAL: 16383 (3FFFH) 


Figure 2. Data Formats 
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bytes (80 bits)! In many floating point processors, pro- 
cessing time also increases dramatically as precision is 
increased, making this another consideration in the 
choice of precision to be used by a routine. The dif- 
ferences in 8087 processing time among short real, long 
real and temporary real numbers is relatively insignifi- 
cant, however. This makes the choice of which precision 
to use in an iAPX 86/20 system a function only of 
memory limitations and precision requirements. 

Interest 


Table 1. Interest Rate Calculation Results 



yer 

Final value 

Short real 
Long real 
Temp real 

10.514% 

10.516% 

10.516% 

$2,210,287.50 

$2,210,311.57 

$2,210,311.57 


The times required to calculate these results using FOR- 
TRAN 86 with both the 8087 and the 8087 emulator are 
shown in Table 2. 


Routines were written to calculate the final value of a 
fund when given the annual interest and the present 
value. Although the calculations required to generate in- 
dividual interest values are rather short, the additional 
precision of the iAPX 86/20 can be used to generate 
better results. In addition, if a large number of interest 
calculations are to be performed (or if an interest rate 
type of calculation is used as part of an iterative model), 
the speed of the single interest rate calculation is impor- 
tant, as it will be performed very many times. 

It is assumed that the interest will be compounded daily, 
which requires the calculation of the yearly effective 
rate. This value, which is the equivalent annual interest 
rate when interest is compounded daily, is determined 
by the following formula: 

yer = ( 1 + ( L )) np -l 

np 


Where: 

• yer is the yearly effective rate 

• i is the annual interest rate 

• np is the number of compounding periods per 
annum 


Table 2. Interest Rate Calculation Times 



8087 

Emulator 

Short real 
Long real 
Temp real 

1.052 ms 
1.058 ms 
1.041 ms 

100.4 ms 

100.7 ms 

100.8 ms 


The difference in the final value between the short real 
and long real precision in this simple calculation is 
$24.07. Although the difference between short and long 
real precision results shown here is small, this difference 
would be signficant if the principal was larger, or if the 
period over which the interest was calculated was longer 
than a single year. Hence, the long real precision 
capability of the 8087 can provide most accurate results. 
Indeed, since the error calculated between the long real 
precision and temporary real precision results is in the 
thousandths of cents, the long real results are exactly 
correct, to the penny. Note that temporary real format 
allows for approximately 18 decimal digits of precision 
and the full precision of the numbers used in the calcula- 
tion is not printed in the above table. 

Annuities 


Once the yer is determined, the final value of the fund 
can be determined by: 

fv = (1 + yer)* pv 

Where: 

• pv is the present value 

• fv is the future value 

Results were obtained using short real, long real, and 
temporary real precision numbers when 

• ir is set to 10% (0.1) 

• np is set to 365 (for daily compounding) 

• pv is set to $2,000,000 

The results are shown in Table 1 . 


Values for a frequently used type of annuity were 
calculated, using routines written in both FORTRAN 
and Pascal. An annuity is a type of fund which gathers 
interest at the same time the principal is changing. A 
mortgage is a type of annuity in which the principal is 
decreasing, whereas “the sinking fund’’ implemented 
here is a type of annuity in which the principal is 
increasing. In both cases, the interest is added to the 
principal. 

THE SINKING FUND 

The “sinking fund’’ could be characterized by an in- 
dividual retirement account (IRA). In this fund, a fixed 
amount is placed in a savings fund each period. This 
fund also earns a certain amount of interest per period. 
The problem, then, is to calculate the final value of the 
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fund (after a certain number of periods). The example 
given calculates the value after 20 years of a fund in 
which payments of $1000 are made each month. The 
annual interest rate is given at 12% (0.12), but the in- 
terest is compounded daily. 

The first step in solving the problem is to determine the 
interest rate per month. This is done in a similar manner 
to the way the effective annual rate is calculated; 
however, the number of compounding periods is set to 
the number of days in a month, rather than the number 
of days in a year. Once this is done, the final value of 
the annuity is determined by: 

irp 

Where: 

• fv is the final value 

• pint is the amount placed in the fund each period 

• irp is the interest rate per period 

• np is the number of periods 

The short, long and temporary real precision results are 
shown in Table 3. 


Table 3. Annuity Calculation Results 



Tot Contrib 

Final value 

Rate/period 

Short 

Long 

Temp 

$240,000 

$240,000 

$240,000 

$997,103.25 

$997,048.51 

$997,046.51 

1.005% 

1.005% 

1.005% 


The times required to calculate these results using FOR- 
TRAN 86 with both the 8087 and the 8087 emulator are 
shown in Table 4. Notice that although the most signifi- 
cant four digits of the interest rates per period shown 
are the same, the final value using short real precision 
calculations is inaccurate by $56.74 compared to the 
final value using long or temporary real calculations. 


Table 4. Annuity Calculation Times 



8087 

Emulator 

Short real 

2.121 ms 

222 ms 

Long real 

2.139 ms 

229 ms 

Temp real 

2.106 ms 

232 ms 


Restocking Algorithms 

A restocking algorithm determines when a company 
should replenish its stock of raw goods which make up 
its products. A restocking algorithm can be used to 
determine the restocking pattern if: 


• the demand for the given product can be predicted 

• carrying costs from month to month are known 
and fixed 

• no shortages are allowed 

• lead times are known and fixed 

There are three methods commonly used to determine 
the restocking pattern: 

1) the Fixed Economic Order Quantity (EOQ) 

2) the Silver-Meal heuristic 

3) the Wagner-Whitin method 

Of the three, the Wagner-Whitin method is guaranteed 
to provide the optional restocking pattern, while the 
Silver-Meal heuristic may provide a good approxima- 
tion to this pattern. The fixed Economic Order Quantity 
will not provide good results when the demand pattern 
is highly variable. Both the Wagner-Whitin method and 
the Silver-Meal heuristic are iterative methods in which 
many options are evaluated before the final restocking 
pattern is determined. 

THE FIXED ECONOMIC ORDER QUANTITY 

The simple Economic Order Quantity method may be 
used to select the number of items to be restocked at a 
time if the demand is constant. This number is deter- 
mined by: 



Where: 

• A is the set-up cost 

• D is the average demand for the period 

• v is the variable demand cost per item 

• r is the holding cost per item 

As this method does not provide for period to period 
variability in demand, if this demand is variable, the 
performance of the method will obviously suffer. Its 
only advantage is simplicity. 

THE SILVER-MEAL HEURISTIC 

The Silver-Meal heuristic will provide an approximation 
to the optimal restocking pattern determined by the 
Wagner-Whitin method. It has been used rather than 
the Wagner-Whitin in application where better results 
were required than those supplied by the EOQ method, 
but where the available computing resources did not 
allow the use of the Wagner-Whitin method. This 

l 
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method begins with the first month to be considered, 
then calculates the total replenishment and holding costs 
for this month, and a certain number of following 
months. As the number of months increases, the set-up 
charge per unit will decrease as it is distributed over 
more units. Also, however, as the number of units in- 
creases, the holding costs will increase. At a certain 
point, the holding costs will begin to increase at a 
greater rate than the set-up cost per unit falls. At this 
.point, a “local minimum” of the replenishment cost 
function will have been realized. The heuristic stops 
here, and begins the process again with the following 
month until all the months of the period have been con- 
sidered. This method may not provide the optimal solu- 
tion, since it provides only a local minimum, rather than 
a global minimum. The cost function is not guaranteed 
to continue to rise once it has begun to rise. This means 
that the restocking cost may actually fall to a lower level 
after an initial rise. This method requires much fewer 
cost calculations than the Wagner- Whitin method, 
however. 

THE WApNER-WHITIN METHOD 

The Wagner- Whitin method is the most computationally 
intensive method to be discussed. It also is guaranteed 
to produce the optimal results. It is an application of 
“dynamic programming.” It starts with the last month 
of the period, determining in inverse order the optimal 
replenishment pattern for the given month if the inven- 
tory is assumed zero at the start of the month. It does 
this by calculating the replenishment cost for the given 
month and a number of subsequent months along wijh 
the holding costs for the stock replenished in the given 
month but carried over. The replenishment cost is the 
sum of the set-up charges and the per unit coh times the 
number of units acquired. The holding cost is the 
number of units held but not consumed in a given 
month. The total stocking costs for this option can then 
be determined by adding the replenishment cost, the 
holding cost and the optimal restocking cost for the 
month following the last one restocked in this iteration 
(since we have started from the last month of the period, 
the optimal restocking cost has already been determined 
for all months following the month being considered). 
The optimal restocking cost for the last month of the 
period is the restocking cost for that month alone. For 
example, if we are trying to determine the optimal 
restocking pattern from January through December of a 
year, the determination of the optimal restocking pat- 
tern for June might begin like this; 

1) Determining restocking cost (startup cost, per part 
cost, etc.) for June alone. 

2) Determine the holding costs (if June alone is being 
restocked, the holding cost will be zero). 


3) Determine the total cost of this option. This will be 
the restocking cost determined in (1) added to the 
holding costs determined in (2) added to the op- 
timal restocking cost from zero initial inventory 
determined previously (using this algorithm) for 
July. 

4) Loop back to (1). However this time, restock for 
June and July, calculate the holding cost for the 
July stock, and use the optimal restocking cost 
from zero initial inventory for August. 

This will continue until starting with June, requirements 
for the balance of the year are being restocked. As the 
algorithm continues, the cost of each new restocking 
period (that month and the number of months following 
it being restocked) for a particular month is compared 
with a previously determined minimum cost. If it is less, 
a new minimum cost has been determined, and this 
restocking pattern will replace the old one as the optimal 
restocking pattern for the month. As should be ap- 
parent, a “horizon” in which the stock will be known to 
go to zero must be determined in order for this 
algorithm to be used. While this may at first seem 
unrealistic, one can see that in any month where the de- 
mand for the product is relatively high, the stock will be 
allowed to go to zero, as the holding cost to that month 
will surpass the benefit in the restocking cost if the re- 
quirements were restocked in the previous month. 

OVERALL PERFORMANCE CONSIDERATIONS 

Generally, the better an algorithm is in determining an 
objective function, the greater the computer perform- 
ance required to execute the algorithm. This is true here, 
with the most numeric intensive solution guaranteed to 
realize the optimal solution to the problem, whereas the 
simpler solutions will only provide approximations to 
this solution. A more complete explanation of these 
three methods can be found in Peterson and Silver 2 . 

EXAMPLE RESTOCKING PROBLEM. 

Routines were written in Pascal to show possible im- 
plementations of the Wagner- Whitin and Silver-Meal 
heuristic. The EOQ method’s results were solved by 
hand and programmable calculator. The following 
example \^as used to demonstrate the results of these 
methods in solving a general stock management 
problem: 

A company manufactures video games in 
which a ROM programmed microcomputer 

2 Peterson, Rein, and Edward A. Silver, Decision Systems For 
Inventory Management And Production Planning, John 
Wiley & Sons, New York, 1979, pp 308-321. 


3-487 


210383-001 




AP-143 


is used. The manufacturer from which the 
company buys this microcomputer has an in- 
itial ROM set-up charge of $3000, with the 
cost per part varying from $20 in quantities 
of less than 500, $17.50 in quantities from 
500 to 5000, and $15 in larger quantities. The 
holding cost is determined to be $0.40 per 
part. The company barely missed the 
Christmas rush with its introduction, but has 
determined that the monthly demand for the 
next two years will be: 


Month 

Demand 

Month Demand 

January 

500 

July 

3500 

February 

1500 

August 

2500 

March 

2500 

September 

5000 

April 

2000 

October 

7500 

May 

2000 

November 

9500 

June 

1000 

December 

10000 


How should the company restock the 
microcomputers? 

The first problem that must be solved (when using the 
Wagner- Whitin method) is the horizon to which the 
stock will be replenished. The criterion to be used is that 
the final month should be a month in which the demand 
in the subsequent month is relatively high. Choosing 
December as the final month would not produce the 
best results, as the requirements for January are low. 
Looking at the demand function, it can be seen that the 
requirements for September are relatively high, so 
August would be a good choice as the horizon month. It 
is assumed that the demand for the second year will be 
similar to the demand predicted for the first year. This 
allows extending the period of calculation beyond the 
first year up to the chosen horizon month. Given the 
total demand function, the part cost, the holding cost, 
and the startup cost, the problem may be plugged into 
the Wagner- Whitin, Silver-Meal and Economic Order 
Quantity methods, and the results calculated. 

Using the EOQ with this demand function yields: 

• D is 3150 

• A is 3000 

• v is $15.00 

• r is 0.0229 


This leads to an EOQ of 7418. 

The results obtained from the Wagner- Whitin method, 
the Silver-Meal heuristic and the EOQ are shown in 
Table 5. The performance difference between the 
methods is apparent. Although using the Silver-Meal 
heuristic would save the business $12,949 over using the 
EOQ method, using the Wagner-Whitin method would 
save the business almost $25,000 over using the EOQ 
(surely below the cost of a small business computer!). 
The effect on the performance of the Silver-Meal 
heuristic of choosing a local minimum rather than a 
global minimum can be seen especially in the first few 
months in which it replenishes stock 5 times vs. 3 times 
for the Wagner-Whitin method. It should also be noted 
that the execution time of the Silver-Meal heuristic using 
the emulator is still greater than the execution time of 
the Wagner-Whitin method when the 8087 is used (and 
the execution time of the EOQ on the hand calculator 
was much greater than the execution time of either of 
the two iAPX 86/20 programs!). These results are also 
interesting when one realizes that until now the 
Economic Order Quantity method has been the most 
commonly used method of scheduling stocking intervals. 

Linear Programming 

Linear programming methods are very powerful ways 
of finding the optimal solution to operations problems. 
For example, if a number of different products can be 
made from a combination of limited resources as ex- 
pressed by a set of equations, a linear program can be 
set up to determine the optimal number of each end 
product to make in order that a certain objective func- 
tion is maximized. This objective function can be prac- 
tically anything if it is a linear function — for example, 
insuring that profit is maximized, that the use of a cer- 
tain facility is maximized, that shipping costs are 
minimized, etc. Various software packages are available 
on the market to solve linear programs. The package 
which was used in this example consisted of a set of 
FORTRAN subroutines available from IMSL 3 . To use 
the routines a FORTRAN program is written to set up 
the appropriate input arrays and call the routine. They 
could very easily be integrated into a friendly interactive 
user environment, where the increased performance of 
the 8087 would be especially apparent and welcomed. 


3 IMSL, Inc. 
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Table 5. Restocking Algorithm Results 


Wagner-Whitin Method 

Silver-Meal Heuristic 

Economic Order Quantity 

Month 

Number 

Optimal 

Number 

Optimal 

Number 

Optimal 


to Restock 

Cost 

to Restock 

Cost 

to Restock 

Cost 

l 

6500 

$985,200 

500 

$996,600 

7418 

$1,009,549 

2 

* 


1500 

$984,850 

* 


3 

* 


7500 

$995,600 

* 


4 

* 


* 


* 


5 

6500 

$879,700 

* 


7418 

$888,810 

6 

* 


* 




7 

* 


6000 

$836,500 

* 


8 

7500 

$776,000 

* 


7418 

$769,137 

9 

* 


5000 

$742,500 

* 


10 

7500 

$658,500 

7500 

$664,500 

7418 

$651,464 

11 

9500 

$543,000 

9500 

$549,000 

14836 

$536,525 

12 

12000 

$397,500 

19500 

$403,500 

7418 

$308,182 

13 

* 


* 


* 


14 

* 


* 


* 


15 

7500 

$213,100 

* 


7418 

$189,600 

16 

* 


* 


* 


17 

* 


* 


* 


18 

* 


* 


* 


19 

6000 

$94,000 

6000 

$94,000 

3656 

$67,980 

20 

* 


* 


* 


Total Hold Costs: 

$16,200 


$19,600 


$31,409 

Replenishment Costs: 

$24,000 


$27,000 


$24,000 

Times Replenished: 

8 


9 


8 

Total Cost: 


$985,200 


$996,600 


$1,009,549 

Time to calculate above values: 





Using 8087: 

310 ms 


20 ms 



Using emulator: 22.98 seconds 


1.91 seconds 




THE SIMPLEX METHOD 

The simplex method is an algorithm which may be used 
to solve linear programs. The problem is specified to the 
routine as an objective function (of a certain number of 
“products*’) and a set of constraints on the constituents 
of these products. The objective function specifies 
exactly how the products are combined to derive the 
objective function. The constraints specify how each of 
the constituents are combined to make up each of the 
products, and also specify the limits imposed on these 
various constituents. 

The set of constraints is usually set up as a two- 
dimensional matrix, while the objective function is set 
up as a vector. The combination of the objective func- 
tion and the set of constraining equations is known as 
the input tableau. The constraining equations may have 
both inequality relations (we must use less than 1000 
eggs) and equality relations (we must use exactly 1000 
eggs). The method itself requires all inequality relations 
to be converted to equality relations. This is done 
through the addition of “slack” and “surplus” 


variables, so called beacuse they fill up the slack or take 
up the surplus in an inequality relationship. Through 
many iterations, the method automatically reduces the 
inequality constraints in the original problem to equality 
constraints through the addition of these slack and 
surplus variables. “Artificial” variables are then added 
to the equation to form an initial set of basic variables 
or bases. This basis forms a feasible solution to the 
problem, although this solution is non- optimal. The 
object, however, is to find the optimal solution to the 
problem (the solution that optimizes the objective func- 
tion). This initial form is called the canonical form. It 
transforms the original set of constraint equations and 
the objective function by the addition of artificial, slack 
and surplus variables. 

After the problem has been set into canonical form, 
phase I of the problem is ready to begin. In this phase, 
“pivoting” is performed on the constraint variable 
matrix until all the coefficients on the modified objec- 
tive function are less than zero. This pivoting operation 
is very similar to gaussian elimination. A certain 
variable in a certain row and column of the matrix is 


3-489 


210383-001 




AP-143 


divided by itself to become 1. Subsequently, every other 
variable in that row must be divided by this variable. All 
other variables in the column containing this variable 
are then eliminated by multiplying the variable set to 
one by the negative of the variable to be eliminated and 
then adding the result of this multiplication to the 
number being eliminated. In order for the matrix to re- 
main valid, this operation must be performed on all 
other columns of the matrix as well, which leads to a 
large number of multiplies and divides. 

Once phase I is complete, phase II must be initiated. 
This phase is required if any of the artificial variables re- 
main in the solution as a basis. Through another round 
of pivoting, the remaining artificial variables are re- 
moved from the solution. What finally comes out is the 
optimal mix of the input variables so the objective func- 
tion is maximized. A more complete description of both 
the simplex method and the revised simplex method can 
be found in Bradley, Hax, and Magnanti 4 . 

ROUTINE IMPLEMENTED 

The linear program used in this example is the IMSL 5 
routine “ZX3LP.” This routine is the so-called “easy- 
to-use” linear program solver. It solves the linear pro- 
gram using the revised simplex method. On output, it 
provides not only the solution to the problem, but also 
what is called the dual solution. The dual solution gives 
information about how the solution could be enhanced. 
The objective function is input to the routine as a vec- 
tor, while the constraining equations are input to the 
routine as a matrix. Both inequality and equality con- 
straining equations may be used; the routine will 
automatically insert slack and surplus variables. The 
outputs of the routine are two vectors containing the 
“primal” solution and the dual solution. The routine 
also calculates the optimal value of the objective func- 
tion. The version of the routine used was originally 
developed for the IBM 370/3033 mainframe computer. 
It required no modifications to run on the iAPX 86/20 
using FORTRAN 86. 

EXAMPLE PROBLEM 

The following problem was input to the linear program 
routine: 

A small cookie company has four different 
products: chocolate chip cookies without 
walnuts, chocolate chip cookies with 


4 Stephen P. Bradley, Hax, Arnoldo C., and Magnanti, 
Thomas L., Applied Mathematical Programming, Addison- 
Wesley, Reading, Massachusetts, 1977. 

5 IMSL, Inc. 


walnuts, brownies without walnuts, and 


brownies with walnuts. The recipes for the 

four are: 


Chocolate Chip Cookies 

Brownies 

2 eggs 

4 eggs 

2 A cup shortening 

2 /3 cup shortening 

1 cup sugar 
1 cup brown sugar 

2 cups sugar 

1 tsp. vanilla 

1 tsp. vanilla 

214 cup flour 

1 14 cup flour 

1 tsp. baking soda 

1 tsp. baking powder 

1 tsp. salt 

12 oz. chocolate chips 

1 tsp. salt 


4 oz baking chocolate 

(1 Vi cup walnuts) 

( ? /3 cup walnuts) 

0.15 hour oven time 

0.5 hour oven time 

0.25 hr mix time (w/o nuts) 

0.25 hr mix time (w/o nuts) 

0.45 hr mix time (w/nuts) 

0.45 hr mix time (w/nuts) 

The available amounts of many of the ingre- 
dients have been set previously by contract 
and may not be altered. They are: 

Item 

Quantity 

eggs 

1000 

sugar 

600 cups 

brown sugar 

20 cups 

baking chocolate 

700 oz. 

flour 

600 subs 

baking soda 

150 tsp. 

baking powder 

150 tsp. 

chocolate chips 

1500 oz. 

walnuts 

125 cups 

oven time 

560 hours 

mixing time 

750 hours 

The amount of profit made for each type 

cookie is: 


Cookie Type 

Profit per Batch 

chocolate chip w/o 

$0.85 

chocolate chip with 

$0.95 

brownies w/o 

$1.10 

brownies with 

$1.25 


It is assumed that the cookie company can 
sell everything that it makes. How many of 
each kind of cookie should the company, 
make in order that the profit is maximized? 

The problem was set up into the input tableau. The 
objective function is: 

Y= .85**i + .95**2 + 1.1**3 + 1. 25**4 
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Table 6. Example Problem Input Tableau 


2Xj 

+ 

2X2 

+ 

4X3 

+ 

4 X 4 

= 

1000 (eggs) 

X, 

+ 

x 2 

+ 

2 X 3 

+ 

2 X 4 

= 

600 (sugar) 

X, 

+ 

X 2 





= 

200 (b. sugar) 





4X3 

+ 

4 X 4 

= 

700 (b. choc) 

2.25 Xi 

+ 

2.25 X 2 

+ 

1.25 X 3 

+ 

1.25 X 4 

= 

600 (flour) 

Xi 

+ 

x 2 





= 

150 (b. soda) 





x 3 

+ 

x 4 

= 

150 (b. powder) 

12 X! 

+ 

12 X 2 





= 

1500 (c. chips) 



.5 X 2 

+ 

.65 X 4 



= 

125 (walnuts) 

.15 Xi 

+ 

.15 X 2 

+ 

.5 X 3 

+ 

.5 X 4 

= 

560 (oven time) 

.25 X, 

+ 

.45 X 2 

+ 

.25 X 3 

+ 

.45 X 4 

= 

750 (mix time) 


Where the variable Xi is the number of batches of 
chocolate chip cookies without nuts, X 2 is the number 
of batches of chocolate chip cookies with nuts, X 3 is the 1 
number of batches of brownies without nuts, and X 4 is 
the number of batches of brownies with nuts. The input 
tableau is shown in Table 6 . These were put into the 
proper input matricies of the ZX3LP program, and the 
following results were generated: 


profit 

$299.25 

batches of choc chips w/o 

70 

batches of choc chips with 

55 

batches of brownies w/o 

0 

batches of brownies with 

150 


In addition, the dual solution shows that the single in- 
gredient most limiting the profit of the cookie company 
is the availability of baking powder, and that for every 
additional unit (teaspoon) of baking powder available, 
the profit of the company will increase 1.12 cents. 


The calculation times are: 


with 8087 

1.01 seconds 

with emulator 

46.78 seconds 

withPDpn /45 

0.7 seconds 

with IBM 3033 6 

0.07 seconds 


The results show that the performance of the iAPX 
86/20 is close to the performance of the mini- computer. 
In addition, the performance is only a little more than 
an order of magnitude below the performance of the 
IBM mainframe, a “maxi” computer with an execution 
rate of 5 MIPS, and a CPU/hour cost of around $800! 
A comparison of results between the iAPX 86/20 and 
the emulator verifies the speed of the 8087 is required to 
provide results in a reasonable period of time. The 
power and ease of use of this type of sophisticated 
numerical method combined with an “electronic 
worksheet” type of program could be a major advance 
in the “state of the art” of small business machine soft- 
ware. 

CONCLUSIONS 

The types of routines demonstrated in this note show 
that there are many classes of numeric intensive soft- 
ware which are (or should be) commonly used in every- 
day business operations. With the introduction of the 
iAPX 86/20, these types of applications are finally 
within the performance limits of microcomputers selling 
for a fraction of the cost of the previously required 
mini- or maxi- computers. In addition, the availability 
of both Pascal and FORTRAN compilers for the iAPX 
86/20 eases the problem of software generation and 
availability for the processor. Because of the portable 
nature of these high-level languages, a minimum of ef- 
fort is required to generate or to port software to the 
iAPX 86/20 from existing systems. With this kind of 
numeric intensive software support, the 8087 will be an 
essential part of the next generation of small business 
computers. 


6 Non-Intel computers used were a PDP 1 1 /45 mini-computer 
with 256K MOS RAM, and a FP1 1-B floating point unit run- 
ning the UNIX operating system during a period of light load. 
The program was compiled using the UNIX F77 FORTRAN 
compiler, and an IBM 370/3033 mainframe computer run- 
ning the VM/CMS operating system during a period of 
medium load (the program, however, did not get swapped 
out of memory during execution). The IBM FORTRAN G 
compiler was used. 
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APPENDIX A Contents 


Interest rate calculation routine 
in FORTRAN 

Annuity calculation routine 

in Pascal 

Annuity calculation routine 

in FORTRAN 

Silver-Meal heuristic calculation 
routine in Pascal 

Wagner-Whitin method calculation 
routine in Pascal 

Linear programming routine 
in FORTRAN 
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FORTRAN-86 COMPILER 
s F6 : INTST . FOR 

SERIES-III FORTRAN-86 COMPILER X023 
COMPILER INVOKED BY: FORT86.86 : F6 : INTST . FOR 


c 

c this program provides the yearly effective rate (double and 

c single precision) and final value when the interest rate 

c (ir), the number of compounding periods (np), 

c the present value (pv) are specified, 

c 

1 real pv,ir,fv,yer 

2 real*8 fvd,yerd 

3 tempreal fvt # yert 

4 integer*2 np,csv 

5 integer*4 count, rtimer 

c 

c $2,000,000., at an interest rate of 10% with daily compounding for 1 year 
c 

6 pv=2000000. 

7 ir= . 1 

8 np=365 
c 


c set rounding control to single precision 
c 


9 


call stcw87(csv) . 

10 


csv=csv .and. Ifcffh 

11 


call ldcw87(csv) 

12 

c 

yer=(l+( ir/np) ) **np - 1 

13 


fv=(l + yer)*pv 


c 

set rounding control to double precision 

14 

c 

csv=csv .or. #200h 

15 


call ldcw87(csv) 

16 

c 

yerd= ( l+( ir/np) ) **np - 1 

17 


fvd=(l + yerd)*pv 


c 

c set rounding control to temp real precision 
c 

18 _ csv=csv .or. #100h 

19 call ldcw87(csv) 
c 

20 yert=( l+( ir/np) ) **np - 1 

21 fvt=(l + yert)*pv 
c 

c print results 
c 


22 

print *, 

'single precision: yer= ' , yer , ' fv= ' , fv 

23 

print *, 

'double precision: yer= ' , yerd , ' fv= ’ , fvd 
'temp real precision: yer= ' , yert , ' fv= ' , fvt 

24 

print * , 

25 

stop 


26 

end 
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SERIES-III Pascal-86, VI. 1 


Source File: : FI : ANNP1 . PAS 

Object File: :F1 :ANNP1 .OBJ 

Controls Specified: CODE. 

SOURCE TEXT: ; FI : ANNPl . PAS 

(* ANNUITIES: type 1, the sinking fund 

* if one were to place $1000 a month into a savings fund which 

* earns 12% per annum, compounded daily, what will be the value 

* of the fund after 20 years??? 

*) 

module annuity; 
public cel; 

function mqery2x(y,x: real):real; (* takes y to the x *) 
program annuity (input , output ) ; , , 

var 

ir, (* the annual interest rate *) 

fv, (* the final value *) 

pmt, (* the amount of the payment *) 

irp: (* the interest rate per period *) 

real ; 

np: (*,the number of periods *) 

integer; 

begin 

(* insert calculation values *) 
ir := 0.12; 
pm't := 1000; 

np := 12 * 20; (* 20 years of months *) 

(* calculate the effective interest rate per period *) 
irp r= mqery2x( (l+(ir/365.0) )> 365. 0/12. 0) -1 ; 

(* effective monthly rate *) 

(* calculate the future value *) 

fv := pmt * (mqery2x ( (1+i rp) ,np) -1 ) /i rp; 

(* pfint results *) 

writeln('the effective monthly rate is',irp:18); 
writelnj'the future value of the annuity is * , fv: 12 : 2) ; 
writeln('the total contribution to the annuity is* ,np*pmt : 12: 2) ; 

, end . 
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FORTRAN-86 COMPILER 
: FI : ANNU1 . FOR 

SERIES— III FORTRAN-86 COMPILER X023 
COMPILER INVOKED BY: FORT86.86 : FI : ANNU 1 . FOR 

c 

c ANNUITIES: type 1, the sinking fund 

c if you place in a savings fund $1000.00 a month, and it 

c ! earns an interest rate of 12% per annum compounded daily’, 

c what will be the value of the fund after 20 years? 

c 

1 real ir ,pv,fv,pmt,irp 

l real*8 tvd,irpd 

3 tempreal fvt,irpt 

4 integer*2 cwv 

b integer np 

6 ir = .12 

7 pmt = 1000. 
c 

c the number of periods is the number of months in 20 years! (one period 
c is one month 

c 

8 np = 20*12 

c 

c set the 8087 to single precision mode 
c 

9 call stcw87(cwv) 

10 cwv=cwv .and. #fcffh 

11 call ldcw87(cwv) 
c 

c first calculate the effective interest rate per period 
c 

12 irp = (l+(ir/365.))**(365./12.) - 1 

c 

c then calculate the future value 
c 

13 fv = pmt * ((1 +irp)**np - l)/irp 

c 

14 print *,'single precision values:' 

15 print *,'the effective rate per month is', irp 

16 write (6 , 800) fv 

17 wr i te (6 , 801 ) np*pmt 

18 800 format('the future value of the annuity is',fl8.2) 

19 801 format('the total contribution to the annuity is',fl8.2) 

c 

c set the 8087 to double precision mode 
c 

20 cwv=cwv .or. #200h 

21 call ldcw87(cwv) 
c 

c first calculate the effective interest rate per period 
c 

22 irpd - (l+(ir/365. ) ) ** (365d0/12d0) - 1 
c 

c then calculate the future value 
c 

23 fvd = pmt * ((1 +irpd)**np - l)/irpd 
c 

24 print *,'double precision values: 
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FORTRAN- 8 6 COMPILER 
: FI : ANNU1 . FOR 


25 

26 
27 


28 

29 


30 


31 


32 

33 

34 

35 

36 

37 


print *,'the effective rate per month is',irpd 
write (6, 800) fvd 
wr i te (6 , 801 ) np*pmt 
c 

c set the 8087 to temp real precision mode 
c 

cwv=cwv .or. #100h 
call ldcw87(cwv) 
c 

c first calculate the effective interest rate per period 
c 

irpt = (l+(ir/365.))**(365t0/12t0) - 1 
c 

c then calculate the future value 
c 

fvt = pmt * ((1 +irpt)**np - l)/irpt 
c 

print *, 'temp real precision values:' 

print *,'the effective rate per month is',irpt 

write (6,800) fvt 

write (6, 801) np*pmt 

stop 

end 
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SERIES-III Pascal-86 , VI. 1 


Source File: :F6:SMCT.PAS 

Object File: :F6:SMCT.OBJ 
Controls Specified: <none> . 


SOURCE TEXT : : F6 : SMCT . PAS 

(* This is going to try to find the optimal replacement cost 

* for a rather variable demand product over 20 months, when 

* the demand is known, an example could be a video game, using 

* a single chip ROM programmed microcomputer with an initial set 

* up charge of $3000.00, demand varies a lot with peak in October 

* and november(for Christmas), droops in may ( vacations ) , etc. 

* The cost per part varies from $20.00 per part up to 500, 

* $17.50 per part from 500 to 5000, and $15.00 above 5,000. 

* The Sliver-Meal heuristic is going to be used. 

*) 

module silver_meai; 
public timers; 

function rtimer: integer ; 
procedure stimer; 

program silver_meal ( input, output ) ; 
const 

months = 20; 
monthspl = 21; 
setupcost = 3000.0; 
holdcost = 0.4; 
reallarge = l.OelO; 
reallargei = 32000; 


var 

, repl: (* first time stock goes to 0 for a given month 

array[l . .months] of integer; 

tomake, (* the number of boxes to make in a month *) 

require: (* number of boxes required in a given month *) 

array[l . .monthspl ] of real; 


, trcut, 

holdcostv: • (* holding costs *) 

array[l. .months] of real; 

cost, (* calculated cost in a given situation *) 

costl, (* production cost *) 

cost2, (* holding cost *) 

totalcost, (* the total cost of it all *) 

lastcost, (* used in determining the total cost *) 

totalholdcost : (* the total hold cost *) 


real ; 

i,j,k: (* counters *) 

integer; 

totcnt, (* accumulated number of boxes in a batch *) 

holdcnt: (* number of boxed holding *) 

real ; 

count: (* the 10 ms count *) 

integer ; 


*) 


begin 

require[ 1 ] 
require[2] 
require[3] 
require[4] 


500; 

1500; 

2500; 

2000 ; 
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SOURCE, TEXT : : F6 

require[5] : 
require[6] : 
require[7] : 
require[8] : 
require[9] : 
require[ 10] 
require[ll] 
require[12] 
require[13] 
require[14] 
require[15 ] 
require[ 16] 
require[17] 
require[18] 
requiref 19] 
requiret 20] 


SMCT . PAS 
2000 ; 
1000 ; 
3500; 
2500; 
5000; 

* 7500; 

= 9500; 

= 10000 ; 

* 500; 

= 1500; 

= 2500; 

= 2000 ; 

= 2000 ; 

= 1000 ; 

= 3500; 

= 2500; 


require[monthspl] := 


(* stop here, because the next month is much 
higher can assume will restock then *) 
reallargei ; 


stimer ; 


(* start the timer *) 


i := 1; 

while i <= months do begin (* i is the month working on *) 

trdut[i] := reallarge; 
totcnt : = 0 ; 


j := i; 

while j <= monthspl do begin < 

totcnt := totcnt + require[j]; 
if totcnt < 500 then costl := 20.0 * totcnt 
else if totcnt < 5000 then costl := 17.5 * totcnt 
else costl := 15.0 * totcnt; 
cost2' := 0.0; 
holdcnt : = totcnt; 
for k := i to j - 1 do begin 

holdcnt := holdcnt - require[k]; 
cost2 := cost2 + holdcnt * holdcost; 

end; 

cost := (setupcost + cost2 + costl) /(j - i + 1); 
if cost < trcut[i] then begin 
trcut[i] := cost; 
tomake[i] := totcnt; 
holdcostvCi] := cost2; 

end 

else begin 

repl[i] := j; 

i :* j; 

j ;= monthspl; 

end; 

j := j + 1; 

end; 

end; 

count := rtimer; 


3-498 


210383-001 




AP-143 


/ 

SERIES-III Pascal-86 , VI . 1 


SOURCE TEXT : : F6 : SMCT . PAS 

writeln( 'month restock# optimal cost per period'); 
totalcost := 0; 
for i := 1 to months do begin 
if i = j then begin 

write(i:5,' ' , tomake[i] : 6 , ' ' , trcut[ i] : 10 : 2 ) ; 

writeln( ' * restocking now'); 

j : = replCj]; 

lastcost ;= trcut[i]; 

totalcost : = totalcost + lastcost; 

end 

else begin 

totalcost := totalcost + lastcost; 
writeln( i : 5 ) ; 

end ; 

end ; 
i := 1; 
j := 0; 

totalholdcost :== 0.0; 
while i <= months do begin 

totalholdcost := totalholdcost + holdcostv[ i] ; 

j := j + i; 

i := repl[i]; 

end ; 

writeln('the total hold cost is ', totalholdcost; 12 : 2 ) ; 
writeln( ' stock gets replenished ' , j :4, ' times'); 
writeln( ' replenishment cost is ' , j*setupcost : 12 : 2 ) ; 
writeln('the total cost thingy is '/ totalcost ) ; 
writeln('the 10 ms count is ' , count); 

end. 


Summary Information: 


PROCEDURE 

OFFSET 

CODE 

SIZE 

DATA 

SIZE 

STACK 

SIZE 

SILVER_MEAL 

0108H 

05F7H 

1527D 

01ACH 

428D 

000EH 

14D 

Total 


06FFH 

1791D 

01ACH 

428D 

0042H 

66D 


135 Lines Read. 

0 Errors Detected. 

41% Utilization of Memory. 
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SERIES-III Pascal-86 , VI. 1 


Source File: : F6 : WAGCT . PAS 
Object File: : F6 : WAGCT . OB J 
Controls Specified: <none> . 

SOURCE TEXT : : F6 : WAGCT . PAS 

(* This is going to try to find the optimal replacement cost 

* for a rather variable demand product over 20 months, when 

* the demand is known, an example could be a video game, using 

* a single chip ROM programmed microcomputer with an initial set 

* up charge of $3000.00, demand varies a lot with peak in October 

* and november(for Christmas), droops in may (vacations) , etc. 

* The cost per part varies from $20.00 per part up to 500, 

* $17.50 per part from 500 to 5000, and $15.00 above 5,000. 

*) 

module wag_with? 
public timers; 

function rtimer : integer ; , 

procedure stimer; 
program wag_with( input, output ) ; 
const 

months - 20; 
monthspl = 21; 

setupcost = 3000.00; (* mask set up charge *) 

holdcost =0.4; (* cost per part of maintaining inventory*) 

reallarge = 1.0e9; 

var 

require, (* number of chips required in a given month *) 

tomake: (* the number of chips to make in a month *) 

arrayCl . .months] of real; 

repl: (* first time stock goes to 0 for a given month *) 

arrayCl . .months] of integer; 

optwz: (* optimum cost for a given month with zero stock 

to start with *) 
arrayCl . .monthspl] of real; 
holdcostv: (* holding costs *) 

arrayCl . .months] of real; 

cost, (* calculated cost in a given situation *) 

costl, (* production cost *) 

cost2, (* holding cost *) 

totalcost, (* the total cost of it all *) 

totalholdcost : (* the total hold cost *) 

real; 

i f , j,k: (* counters *) 

integer ; 

totcnt , (* accumulated number of chips in a batch *) 

holdcnt: (* number of boxed holding *) 

real; 

count: (* 10 ms count *) 

integer ; 

begin 

optwz C monthspl] := 0; 
requireCl] :- 500; 
requireC2] := 1500; 
requireC3] := 2500; 
requireC4] := 2000; 
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SERIES-III Pascal-86 , VI . 1 


SOURCE TEXT : : F6 

require[5] : 
require[6] : 
require[7] : 
require[8] : 
require[9] : 
require[10] 
require[ll] 
require[12] 
require[13] 
require[14] 
require[15] 
require[16] 
require[ 17 ] 
require[18] 
require[19] 
require[20] 


WAGCT . PAS 
2000 ; 
1000 ; 
3500; 
2500; 
5000; 
7500; 
9500; 
10000 ; 
500 ; 
1500; 
2500; 
2000 ; 
2000 ; 
1000; 
3500; 
2500; 


(* stop here, because the next month is much 
higher can assume will restock then *) 


s timer; 


for i := months downto 1 do begin (* i is the month working on *) 
optwz[i] := reallarge; 
totcnt := 0; 

for j s* i to months do begin (* j is the option working on * ) 
totcnt := totcnt + requireCj]; 
costl := setupcost+optwz[ j+1] ; 

if totcnt <= 500 then costl := costl + 20.0*totcnt 

else if totcnt <- 5000 then costl := costl + 17.5*totcnt 

else costl :=* costl + 15.0*totcnt; 

cost2 : = 0.0; 

holdcnt totcnt; 

for k := i to j - 1 do begin 

holdcnt := holdcnt - require[k]; 
cost2 := cost2 + holdcnt * holdcost; 


end; 

cost := costl + cost2; 
if cost < optwz[i] then begin 
optwz[i] cost; 
repl[i] := j + 1; 
tomake[i] := totcnt; 
holdcostv[i] := cost2; 

end ; 

end; 

end ; 

count := rtimer; 


j :=1; 

wr ite In ( 'month restock# optimal cost'); 
for i := 1 to months do begin 

write(i:5,‘ ' , tomake[ i ] : 6 , ' ' , optwz[ i] : 10 : 2 ) ; 

if i = j then begin 

writeln( ' * restocking now'); 

j := repl[j]; 

end 

else writeln; 

end; 
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SOURCE TEXT : : F6 : WAGCT . PAS 

i 1; 
j := 0; 

totalholdcost 0.0; 
while i <= months do begin 

totalholdcost : = totalholdcost + holdcostv[ i] ; 

j j + 1? 

i := replCi]; 

end; 

writeln('the total hold cost is totalholdcost : 12 : 2 ) ; 
writeln( ' stock gets replenished j : 4 , ' times'); 
writeln( ' replenishment cost is ' , j*setupcost : 12 : 2 ) ; 
writeln('the 10 ms count is count); 

end . 


Summary Information: 


PROCEDURE 

OFFSET 

CODE 

SIZE 

DATA 

SIZE 

STACK 

SIZE 

WAG_WITH 

00E5H 

0576H 

1398D 

01A8H 

424D 

000EH 

14D 

Total 


065BH 

1627D 

01A8H 

424D 

0042H 

66D 


119 Lines Read. 

0 Errors Detected. 

41% Utilization of Memory. 
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FORTRAN-86 COMPILER 
: FIs COOKIE. FOR 


SERIES-III FORTRAN-86 COMPILER X023 

COMPILER INVOKED BY: FORT86.86 : FI : COOKIE . FOR 


c 

c this routine will solve a linear problem using the IMSL fortran 
c library. the IMSL routine used is "zx31p" which solves the problem 

c using the revised simplex method, 

c 

1 integer ia , n , ml , m2 , iw( 37 ) , ier 

2 real*8 a(13,4) , b( 13 ) , c ( 4 ) , rw( 206 ) , psol (11) ,dsol(13) , s 

3 integer*4 rtimer, count 

4 ’ data a/2.,1.,1.,0.,2.25,1.,0.,12.,0., . 15 , . 25 , 0 . , 0 . , 

* 2.,1.,1.,0.,2.25,1.,0.,12.,.5,.15,.45,0.,0., 

* 4. ,2. ,0. ,4. A. 25,0. ,1. ,0. ,0. , .5, .25,0. ,0. , 

* 4. ,2. ,0. ,4. ,1.25,0. ,1. ,0. , .65, .5, .45,0. ,0./ 


5 

6 


7 

8 
9 

10 


c 

c 

c 

c 

c 

c 


data b/ 1000. ,600. ,200. ,700. ,600. ,150. ,150. ,1500. ,125. ,560. ,750. ,0. ,0./ 
data c/. 85, .95,1.10,1.25/ 

n is the number of variables 
ml is the number of inequality constraints 
m2 is the number of equality constraints 
ia is the declared number of columns of a 

ml = 11 
m2 = 0 
n = 4 
ia = 13 


11 

12 

13 

14 

15 


800 

100 


print * , ' the input tableau:' 
do 100 i=l,ia-2 

write ( 6 , 800) a ( i,l) ,a(i,2) ,a(i,3) , a ( i , 4) ,b(i) 

format(4fl0 .4, ' <= ' ,fl0.4) 

continue 


16 

17 

18 


call stimer 

call zx31p(a , ia,b, c , n,ml ,m2 , s , psol , dsol , rw, iw, ier ) 
count = rtimer () 


19 

20 
21 
22 

23 

24 

25 

26 

27 

28 200 

29 

30 

31 


print *,'ier = ' , ier 

print * , ' the final value of the objective function(profiti ) is:',s 

print batches of chocolate chip w/o walnuts: ' ,psol(l) 

print *,' batches of chocolate chip with walnuts :', psol ( 2 ) 

print *, 'batches of brownies without walnuts :', psol ( 3 ) 

print *, 'batches of brownies with walnuts :', psol ( 4) 

print *,'the dual solutions follow:' 

do 200 i=l , ia-2 

print *, 'var' ,i, ' = ' ,dsol(i) 

continue 

print * , ' the calculation time here (in seconds...) is: ', count/100 . 

stop 

end 


3-503 



APPLICATION 

NOTE 



AP-144 

% 


October 1983 



© INTEL CORPORATION, 1982 


3-504 


Order Number 210384-001 





INTRODUCTION 

As the performance of microcomputers has improved, 
these machines have been used in many applications. 
With the introduction of 16-bit microprocessors (along 
with the associated CPU enhancements, especially the 
integer multiply instruction) the operations required to 
manipulate graphic representations of three- 
dimensional objects were made easier. Only integer 
values could be used to define figures, however, because 
only integer multiplies were supported in hardware. 
While software floating point routines existed, the speed 
at which a general purpose microprocessor could ex- 
ecute even the simplest floating point operation preclud- 
ed the use of these routines because of the number of 
floating point operations which must be performed to 
manipulate all but the simplest of objects. 

The lack of high performance floating point math or the 
restriction of using only integer representations severely 
limits the types and sizes of objects that can be defined. 
Imagine limiting everything in the universe to be less 
than 32,000 millimeters long, high, or wide! This limita- 
tion could severely impact any system that is used to 
model real world objects. An example of such an ap- 
plication is a Computer Aided Design (CAD) system. If 
real or floating point numbers are used, however, prac- 
tically any object can be defined (after all, there are only 
9,397,728,000,000,000,000 millimeters in a light year(!), 
well within the range of floating point numbers). With 
the introduction of the iAPX 86/20, the performance 
required to execute the requisite operations on floating 
point representations of three-dimensional figures has 
finally been achieved in a microprocessor solution, at a 
microprocessor price. 

The iAPX 86/20 features the Intel 8086 with the 8087 
numerics co-processor. This combination allows for 
high performance, high precision numeric operations. 
This performance is especially important in the graphics 
routines implemented in this note because of the large 
number of floating point operations performed for each 
line drawn. In addition, the precision is required to 
maintain the image quality of the represented figures. 

This application note shows the fundamental com- 
ponents of a three-dimensional graphics package. As 
stated before, if the objects are to be described in real 
size, floating point values must be used. Since the opera- 
tions performed require many multiplies and divides, a 
high performance floating point arithmetic unit is a 
must. Note that the operations to be performed by this 
software are not those of a “bit map” controller: single 
chip devices performing this specialized task are or will 
soon be available. Because they are special-purpose 
devices, they can also execute this task quickly, 
offloading the task from the general purpose 


microprocessor allowing the processor to perform other 
work in parallel. In addition, since the size of the 
memory used in a bit-mapped controller is constrained 
(one could hardly have unlimited memory for the 
refresh map), only integer math is required. This 
graphics package is a much higher level type of routine, 
where the inputs are three-dimensional line drawing 
commands (which could be fed into a bit map con- 
troller). 

The three-dimensional graphics package implemented 
in this note allows for the entry of three-dimensional 
figures, the manipulation of these figures, the setting of 
the viewer’s location, the size of the picture to be seen, 
and the position of the picture on the graphics output 
device. Along the way, it performs perspective transfor- 
mations, window clipping and projection. All figures 
are defined using floating point numbers. Thus, any 
figure may be defined “real size” without pre-scaling. 
This means that the size of the figure defined within the 
package may be the actual size of the object, i.e. the size 
of the object is not arbitrarily limited by the machine, 
whether the object be a sub-nuclear particle, or a 
cellestial body. 

iAPX 86/20 HARDWARE OVERVIEW 

The iAPX 86/20 is a 16-bit microprocessor based on the 
Intel 8086 CPU. The 8086 CPU features eight internal 
general purpose 16-bit registers, memory segmentation, 
and many other features allowing for compact, efficient 
code generation from high-level language compilers. 
When augmented with the 8087, it becomes a vehicle for 
high-speed numerics processing. The 8087 adds eight 
80-bit internal floating point registers, and a floating 
point arithmetic logic unit (ALU) which can speed 
floating point operations by up to^lOO times over other 
software floating point simulators or emulators. 

The 8086 and 8087 execute a single instruction stream. 
The 8087 monitors this stream for numeric instructions. 
When a numeric instruction is decoded, the 8086 
generates any needed memory addresses for the 8087. 
The 8087 then begins instruction execution automatical- 
ly. No other software interface is required, unlike other 
floating point processors currently available where, for 
example, the main processor must explicitly write the 
floating point numbers and commands into the floating 
point unit. The 8086 then continues to execute non- 
numeric instructions until another 8087 instruction is 
encountered, whereupon it must wait for the 8087 to 
complete the previous numeric instruction. The parallel 
8086 and 8087 processing is known as concurrency. 
Under ideal conditions, it effectively doubles the 
throughput of the processor. However, even when a 
steady stream of numeric insructions is being executed 
(meaning there is no concurrency), the numeric perfor- 
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mance of the 8087 ALU is much greater than that of the, 
8086 alone. 

The hardware interface between the 8086 and the 8087 is 
equally simple. Hardware handshaking is performed 
through two sets of pins. The RQ/GT pin is used when 
the 8087 needs to transfer operands, status, or control 
information to or from memory. Because the 8087 can 
access memory independently of the 8086, it must be 
able to become the “bus master,” that is, the processor 
with read and write control of all the address, data and 
status lines. 

The TEST /BUSY pin is used to manage the concurren- 
cy mentioned above. Whenever the 8087 is executing an 
instruction, it sets the BUSY pin high. A single 8086 in- 
struction (the WAIT instruction) tests the state of this 
pin. If this pin is high, the WAIT instruction will cause 
the 8086 to wait until the pin is returned low. Therefore, 
to insure that the 8086 does not attempt to fetch a 
numeric instruction while the 8087 is still working on a 
previous numeric instruction, the WAIT instruction 
needs to precede most numeric instructions (the only 
class of instructions which do not need to be preceded 
by a WAIT instruction are those which access the con- 
trol registers of the 8087). The 8086/87/88 assembler, 
in addition to all INTEL compilers, automatically in- 
serts this WAIT instruction before most numeric in- 
structions. Software polling can be used to determine 
the state of the BUSY pin if the hardware handshaking 


is not desired. 

Most other lines (address, status, etc.) are connected 
directly in parallel between the 8086 and the 8087. An 
exception to this is the 8087 interrupt pin. This signal 
must be routed to an external interrupt controller. An 
example iAPX 86/20 system is shown in Figure 1. A 
more complete discussion of both the handshaking pro- 
tocol between the 8086 and the 8087 and the internal 
operation of the 8087 can be found in the application 
note Getting Started With the Numeric Data Processor, 
Ap Note #113 by Bill Rash, or by consulting the 
numerics section of the July 1981 iAPX 86, 88 Users 
Manual. 

In addition to the 8087 hardware, the 8086 is also sup- 
ported by Intel compilers for both Pascal and FOR- 
TRAN. Code generated by these compilers can easily be 
combined with code generated from the other compiler, 
from the Intel 8086/87/88 macro assembler, or the In- 
tel PL/M compiler. In addition, these compilers pro- 
duce in-line code for the 8087 when numeric operations 
are required. By producing in-line code rather than calls 
to floating point routines, the software overhead of an 
unnecessary procedure call and return is eliminated. 

The combination of both hardware co-proqessors and 
software support for the iAPX 86/20 provides for 
greater performance of the end product, and a quicker, 
easier development effort. 





Figure 1 . Example 86/20 System 
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THREE-DIMENSIONAL GRAPHICS 
FUNDAMENTALS 

The charter in life of a three-dimensional graphics 
package is to take a three-dimensional rendering of an 
object and to transform it such that it can be accurately 
represented on the two-dimensional surface of a 
graphics output device. To fulfill these requirements, 
the graphics package must: 

• Allow for the entry of three-dimensional data. 

Since all figures inside the package are represented 
as a series of points in three-dimensional space, 
there must be a way of entering these figures into 
the computer. 

• Perform the current transformation. This 
transformation rotates, translates and scales the 
three-dimensional object throughout three- 
dimensional space. Example rotates, translates 
and scales are shown in Figures 2-11. In all 
diagrams, the first coordinate indicated is X, the 
second Y, the third Z. The viewpoint is the loca- 
tion of the viewer in three-dimensional space in 
relationship to an arbitrarily chosen but consistent 
origin. 

Translations are movements of the object in three- 
dimensional space. Example translations are 
shown in Figures 3-5. Figure 3 shows a translation 
of two units in the plus Z direction. Since the view- 
point is ten units up along the Z axis, this moves 
the cube one-fifth the distance toward the viewer, 
or in other words, the cube seems to get larger. 
Figure 4 shows the same cube translated two units 
in the plus X direction. Since the cube is four units 
on a side, this moves the cube such that the viewer 
is looking straight down one side of the cube. The 
viewer is also looking straight down a side in 
Figure 5. 

Rotations are movements of the object in three- 
dimensional space about the three -coordinate 
axis: X, Y, and Z. The rotation of the object must 
specify both the magnitude of the rotation, and 
the axis about which the rotation must take place. 
Example rotates are shown in Figures 6-8. Figure 
6 shows the cube rotated 45 degrees about the Z 
axis. Since the viewpoint is straight up the Z axis, 
the cube is seen to keep its same face towards the 
viewer. Figure 7 shows the cube rotated 45 degrees 
about the X axis. Here, the cube no longer shows 
the same face it has previously. The face previous- 
ly turned directly toward the viewer has been 
rotated such that the edge between this face and 
another face is immediately before the viewer. The 
same is also shown in the rotation about the Y axis 
in Figure 8. x 


Scaling is the multiplication of all coordinates of 
the points defining a figure by a constant number 
such that the object becomes larger or smaller. Ex- 
ample scales are shown in Figures 9-11. This scal- 
ing need not be uniformly performed for all 
dimensions of an object. If, for example, the Z 
coordinates of a cube are all scaled to be twice as 
large as they originally were, the image shown in 
Figure 9 would be produced. Notice here that the 
X and Y coordinates have not been altered; only 
the Z coordinates are twice as large as they 
originally were, or alternatively, the front and 
back of the cube are closer and farther away from 
the viewer than in the original, unaltered cube. 
Figure 10 shows this same operation being per- 
formed on the X coordinates, while Figure 11 
shows this operation being performed on Y co- 
ordinates. 



Figure 2. 2x2x2 Cube Centered at (0,0,0) 
Viewed from (0,0,10) 



Figure 3. Same Cube and Viewpoint, + 2 Z 
Translation 
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Figured Same Cube, Viewpoint, +2 X Translate 


Figure 5. Same Cube, Viewpoint, + 2 Y Translate 
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Figure 8. Same Cube, Viewpoint, 45 degree Figure 9. Same Cube, Viewpont 2 x Scale of Z 

Rotation About Y 



Figure 10. Same Cube, Viewpoint, 2 x Scale of X Figure 11. Same Cube, Viewpoint, 2 x Scale of Y 
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Figure 12. 2x2x2 Cube Centered at (0,0,0) Viewed from (0,0,10) Then from (10,10,0) 


• Perform the viewing transformation. This 
transformation moves and rotates the three 
dimensional figure according to the viewer’s loca- 
tion and orientation (the direction the viewer is 
facing) in space. An example of changing the view 
location is shown in Figure 12. Again, this loca- 
tion, or viewpoint, is the viewer’s location with 
relation to an arbitrarily chosen origin. 

• Perform Z-clipping on the three-dimensional 
data. This insures that only data in front of the 
viewer are displayed. In addition, it allows that 
objects beyond a certain distance from the viewer 
will not be displayed. 

• Project the three-dimensional data onto a two 
dimensional surface. The objects must be pro- 
jected onto a two-dimensional surface according 
to the laws of perspective. By changing the 
“vanishing point,” interesting effects are also 
possible. An example of this is shown in Figure 13. 
Here, the first figure shows exaggerated perspec- 
tive (that is, the difference in perceived size be- 
tween the front face and the back face of the cube 
is exaggerated), where the second figure shows the 
object with subdued perspective (the difference in 
the perceived sizes of the front and back faces is 
much less than in the first figure). Exaggerated 
perspective is generated for objects close to the 
viewer, while subdued perspective is generated for 
objects distant from the viewer. Note that the 
same figure, with the same dimensions, is shown 
in both figures; only the perspective values have 
been changed. 


• Perform X-Y clipping on the projected data. This 
cuts off lines in the projected data extending 
beyond the specified “window.” 

• Perform the window to viewport transformation. 

This takes the two-dimensional projected values 
and scales them according to the relative sizes of 
the “window” and the “viewport.” . 

The “window” describes the size of the viewer’s portal 
into the data, whereas the “viewport” describes the size 
and position of this portal on the graphics output 
device. Whereas the window’s size is determined by the 
size of the input data, the viewport size is determined by 
the physical characteristics of the graphics display 
device. For example, the viewport coordinates of a cer- 
tain CRT display may be constrained to be between 0' 
and 1023 in both the X and Y dimensions, whereas the 
window limits are determined only by the maximum size 
of numbers the computer can store. Thus, for maximum 
generality and utility, floating point numbers must be 
used to represent the three-dimensional figures. 

A good reference to the techniques used in this three- 
dimensional graphics implementation can be found in 
Newman and Sproull \ 


1 Newman, William M. and Robert F. Sproull, Principles of 
Interactive Computer Graphics, McGraw-Hill Book Com- 
pany, New York, 1979. 
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Figure 13. Example Cube Shown with Exaggerated Perspective, then with Subdued Perspective 


IMPLEMENTATION 

Three-dimensional graphics systems can be split into 
three functional modules: the input hardware, the pro- 
cessing hardware, and the output hardware. The 
graphics software is executed by the processing hard- 
ware and is used to receive figure definitions from the 
input hardware, store them in one form or another, and 
manipulate them such that they can be displayed on the 
output hardware. 

Input hardware can range from the common typewriter 
keyboard to sophisticated three-dimensional input 
devices. Output hardware can range from a plotter to a 
storage tube terminal to a bit-mapped raster scan 
display or a vector drawing CRT. 

The processing hardware can range from general pur- 
pose minicomputers to very fast, specialized graphics 
processing hardware. General purpose computers are 
used because they allow applications programs to be 
written in higher level languages. Specialized hardware 
is sometimes employed when very fast manipulations 
are required, such as in the real time graphics applica- 
tions found in flight simulators. This specialized hard- 
ware can be used to perform whole matrix transforma- 
tions. Many applications do not require figures to be 
drawn real time (on the order of one complete picture 
every 1/30 sec), however, and can be satisfied by the 
performance of the general purpose computer alone. A 
typical application which is satisfied by these latter re- 


quirements is a Computer Aided Design (CAD) system. 
However, since these graphics systems often exist in an ' 
interactive environment, picture processing delays 
greater than a few seconds for simple figures, or greater 
than a few minutes for very complex figures cannot be 
tolerated. Because of these processing requirements, a 
mini- computer with a hardware floating point unit has 
been required to drive these graphics systems. However, 
with the introduction of the 8087, the floating point 
processing performance required by these systems can 
finally be met in a microcomputer solution. 

The microcomputer system used in this three- 
dimensional graphics application is a general purpose 
microcomputer embodied in the iAPX 86/12 board 
found in an Intel Intellec® Series III development 
system. All routines implemented in this application 
note were written entirely in FORTRAN using the Intel 
FORTRAN 86 compiler. Any iAPX 86/20 (or iAPX 
88/20) with enough memory can be used to execute the 
programs, however. The amount of memory required 
depends on the number and complexity of the figures to 
be displayed. The source code for all routines used in 
this note are given in the appendix. 
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SERIES III DEVELOPMENT 



Figure 14. Computer System Used in This Graphics Implementation 


The graphics output device used was a HP 7225A flat 
bed plotter. Communications were performed using the 
RS232 serial link on the 86/12 board. The communica- 
tions speed of the line to the plotter was 600 baud. 
Because of the number of lines drawn in the more com- 
plex figures, the physical characteristics of the plotter, 
and the communications line speed, the amount of time 
required to draw a large picture was a function of the 
plotter speed, not the execution speed of the iAPX 
86/20. As a result, all times quoted in this note do not 
reflect the plotting time. Only the time up to placing the 
ASCII character into the buffer of a serial communica- 
tions chip is included for all machines quoted. Higher 
speed graphics display devices (which are not limited by 
the physical characteristics of plotters) can use the speed 
of the iAPX 86/20 to full advantage. 

The graphics input device used was the standard 
alphanumeric keyboard attached to the development 
system. This allows entry of figures, as well as control 
of the graphics system. Input can also be fetched from 
disk storage, however, to allow for greater speed in 
defining large figures. A block diagram of the hardware 
system used in this implementation is shown in Figure 
14. 

All routines were run using both the 8087 and the 8087 
software emulator. The 8087 software emulator is a 
software package exactly emulating the internal opera- 
tion of the 8087 using 8086 instructions. When the 
emulator is used, an 8087 is not required. The emulator 
is a software product available from Intel as part of the 
8087 support library. The performance of the 8087 
hardware is much better than that of the software 
emulator, as one would expect from a specialized hard- 
ware floating point unit. 

The 8087 supports various data formats. For real 
numbers, these formats are short real (or single preci- 
sion), long real (or double precision), and temporary 
real (or extended precision). The differences among the 


three are in the number of bits allocated to represent a 
given floating point number. 

In all real numbers, the data is split into three fields: the 
sign bit, the exponent field and the mantissa field. The 
sign bit shows whether the number is positive or 
negative. The exponent and mantissa together provide 
the value of the number: the exponent providing the 
power of two of the number, and the mantissa pro- 
viding the “normalized” value of the number. 

A “normalized” number is one that always lies within a 
certain range. By dividing a number by a certain power 
of two, most numbers can be made to lie between the 
numbers 1 and 2. The power of two by which the 
number must be divided to fit within this range is the ex- 
ponent of the number, and the result 6f this division is 
the mantissa. This type of operation will not work on all 
numbers (for example, no matter what one divides zero 
by, the result is always zero), so the number system must 
allow for these certain “special cases.” 

As the size of the exponent grows, the range of numbers 
representable also grows, that is, larger and smaller 
numbers may be represented. As the size of the mantissa 
grows, the resolution of the points within this range 
grows. This means the distance between any two adja- 
cent numbers decreases, or, to put it another way, finer 
detail may be represented. Short real numbers provide 8 
exponent bits and 23 significand or mantissa bits. Long 
real numbers provide 11 exponent bits and 52 signifi- 
cand bits. Temporary real numbers provide 15 exponent 
bits and 64 significand bits. These data formats are 
shown in Figure 15. Thus, of the three data formats im- 
plemented, short real provides the least amount of 
precision, while temporary real provides the greatest 
amount of precision. These levels of precision represent 
only the external mode of storage for the numbers; in- 
side the 8087 all numbers are represented to temporary 
real precision. Numbers are automatically converted in- 
to the temporary real precision when they are loaded in- 
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LONG REAL 


TEMPORARY REAL 



NOTES: 

S = SIGN BIT (0 = POSITIVE, 1 = NEGATIVE) 

A = POSITION OF IMPLICIT BINARY POINT 

I = INTEGER BIT OF SIGNIFICAND; STORED IN TEMPORARY REAL, 
IMPLICIT IN SHORT AND LONG REAL 
EXPONENT BIAS (NORMALIZED VALUES) 

SHORT REAL- 127 (7FH) 

LONG REAL 1023 (3FFH) 

TEMPORARY REAL: 16383 (3FFFH) 


Figure 15. Floating Point Data Formats 


to the 8087. In addition to real format numbers, the 
8087 automatically converts to and from external 
variables stored as 16, 32 or 64-bit integers, or 80-bit 
binary coded decimal (BCD) numbers. 

Memory requirements also increase as precision in- 
creases. Whereas a short real number requires only four 
bytes of storage (32 bits), a long real number requires 
eight bytes (64 bits) and a temporary real number ten 
bytes (80 bits). In many floating point processors, pro- 
cessing time also increases dramatically as precision is 
increased, making this another consideration in the 
choice of precision to be used by a routine. The dif- 
ferences in 8087 processing time among short real, long 
real and temporary real numbers are insignificant com- 
pared to the processing time, however, since all opera- 
tions are performed to the internal 80-bit precision. This 
makes the choice of which precision to use in an iAPX 
86/20 system a function only of memory limitations 
and precision requirements. 

Double precision numbers were chosen for this graphics 
implementation because they allow a very wide range of 
numbers to be represented with high precision. This is 
important, since the package allows the user to magnify 
small parts of defined figures. Without the precision 
gained by using double precision numbers, the image of 
the object could easily be distorted under such scrutiny. 


Three-Dimensional Figure Description 
and User Interface 

The graphics user interface implemented in this note is 
both functional and simple. It does not require the use 
of specialized three-dimensional input hardware. All in- 
put data is keyed in through the keyboard. 

The package allows for definition of figures for future 
use within the graphics package. This feature could be 
useful in generating multiple views of a certain object. It 
requires that the object be “defined” at the beginning 
of the session, but then allows the user to view the ob- 
ject from any location, with any rotation, scale, or 
translation. 

Commands to the graphics package consist of a set of 
alphanumeric commands followed by the necessary 
numeric constants. To enter commands to the graphics 
package, one enters an alphanumeric command en- 
closed within the single quotes followed by the ap- 
propriate numeric arguments. The maximum number of 
arguments required by any command is six. If less than 
six arguments are entered on a line, the line must be ter- 
minated by the 7’ character, however. These re- 
quirements (having the command enclosed within single 
quotes, explicitly terminating the line) are a result of us- 
ing the list- directed input format of FORTRAN. 
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The commands recognized by the graphics processor 
are: 

comment argl. This command instructs the 
graphics processor to ignore the next argl lines. 
This can be used to insert comments within the 
graphics commands. 

define argl. This command instructs the graphics 
processor that the next N lines (up to the enddef 
command) are to be entered into an internal buf- 
fer for future reference as figure argl. The 
graphics commands are not interpreted, i.e. they 
do not cause figures to be drawn as they are 
^entered. In this way, three-dimensional objects 
may be defined, or to put it another way, placed 
into an internal display list. Up to ten objects may 
be defined using the current version of the pro- 
gram. This may be increased to the limits of 
available memory. Currently there is internal 
storage space for up to 500 total graphics com- 
mands. These may be spread in any combination 
among the ten figures. This number may also be 
modified to reflect memory restrictions. 

enddef. This command terminates a figure defini- 
tion, and returns control back to the main 
graphics processor. 

call argl. This command causes the graphics pro- 
cessor to fetch graphics commands from the inter- 
nal buffer of the previously defined figure number 
argl. 

line argl arg2 arg3 arg4 arg5 arg6. This command 
causes a line to be drawn in three-dimensional 
space from the point argl, arg2, arg3 to the point 
arg4, arg5, arg6. The current object rotation, ob- 
ject scale, object translation, viewer location, win- 
dow, and viewport are used. 

plot argl arg2 arg3 arg4. This command causes a 
line to be drawn from the endpoint of the last line 
plotted to the point argl, arg2, arg3 using the 
“pencode” arg4. The current pencodes supported 
are ‘2’ (indicating that a solid line is to be drawn), 
and ‘3’ (indicating that no line is to be drawn; this 
is used only to change the location of the plot 
head). Additional pencodes could be implemented 
allowing for dashed lines, dotted lines, etc. 

ident. This command causes the “current” matrix 
to be set to the identify matrix. This causes all 
rotates to be set to zero, all translates to be set to 
the origin, and all scales to be set to one. 

push. This command causes the current matrix to 
be pushed onto a 10 location matrix stack. The 
current matrix is not altered. 


pop. This command causes the matrix stack to be 
popped into the current matrix. 

rotate argl arg2 arg3. This command causes the 
viewer’s perception of the three-dimensional 

figure to be rotated around the X, Y, and Z axis 
by argl, arg2 and arg3. The angles are in degrees. 
The definition of an object is not altered. 

translate argl arg2 arg3. This command causes the 
viewer’s perception of the three-dimensional 

figure to be translated in the X, Y, and Z direc- 
tions by argl, arg2 and arg3. Again, the definition 
of an object is not altered. 

scale argl arg2 arg3. This command causes the 
viewer’s perception of the three-dimensional 

figure to be scaled in the X, Y and Z directions by 

argl, arg2, and arg3. 

window argl arg2. This command sets up the win- 
dow parameters. These parameters determine the 
visible side to side portion of the projected images. 
This amounts to placing an infinitely tall pyramid 
within three-dimensional space with the viewing 
location located at its apex (looking down). All 
objects within this pyramid will be visible; all ob- 
jects outside this pyramid will not be visible. 

viewport argl arg2 arg3 arg4. This command sets 
up the viewport parameters. These parameters 
determine the size and location of the above win- 
dow on the plotter surface. The center of the area 
on the plotter surface is given by argl, arg2 with 
the X and Y half sizes given by arg3, arg4. The 
plotter is assumed to haye an X dimension be- 
tween 0 and 12, and a Y dimension between 0 and 
10. The translation to the dimensions the plotter 
recognizes is done in a lower level plotter interface 
routine. By performing this task in a lower level of 
software, the package is made more general. 

viewpoint argl arg2 arg3 arg4 arg5 arg6. This 
command sets up the “viewing” transformation. 
argl, arg2, arg3 represent the location of the 
viewer in three-dimensional space, while arg4, 
arg5, arg6 represent the “lookat” location in 
three-dimensional space. Together they form a 
vector pointing to the area to be viewed whose 
length determines the perspective variables (only 
single point perspective is currently implemented). 
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zclip argl arg2. This command sets up the 
“Z-clipping” parameters. These determine the 
visible distance in front of the viewer. Argl 
specifies the near boundary of the viewing area 
while arg2 specifies the far boundary of the area. 
Together with the window command, it defines a 
solid delimiting the visible objects from the not- 
visible objects. 

cube argl arg2 arg3 arg4 arg5 arg6. This com- 
mand draws a cube centered at argl, arg2, arg3 
with half-widths of arg4, arg5 and arg6. 

arrow. This command draws an arrow from 
(0,0,0) to (1,0,0). 

pyramid argl arg2 arg3 arg4 arg5 arg6. This com- 
mand draws a four-sided pyramid whose base is 
centered at argl, arg2, arg3 and whose half-widths 
are arg4, arg5, arg6. The X half-width arg4 is used 
as the height of the pyramid. 

current. This command prints the current matrix 
on the terminal. 

printdef. This command prints the definition of 
the given figure. 

startt. This command starts the 10 ms timer on the 
iSBC 86/12 board. 

readt. This command stops the 10 ms timer on the 
iSBC 86/12 board and prints the 10 ms count on 
the terminal. 

end. This command stops execution of the 
graphics package, prints the total numbers of 
points plotted and “success!!!” on the terminal, 
and returns control back to ISIS. 

Internal Operation of the Package 

All internal operations are performed using 1 by 4 or 4 
by 4 double precision real matrices. Points are defined 
in 1 by 4 double precision vectors where the first three 
coordinates are used to hold the X, Y and Z location of 
the point. The fourth location is always set to one, and 
is used when the point is projected onto a two- 
dimensional plane. In most cases, the routine perform- 
ing the task outlined is named the same thing as the 
name of the task outlined (within the six- character limit 
imposed by FORTRAN). The order the routines are 
described is roughly the order a line would encounter 
them on its way from existing as a three-dimensional en- 
tity inside the machine to a line drawn on the bed of a 
plotter. All routine names are set in boldface. 


THE CURRENT TRANSFORMATION 

If each object were to be modified whenever a translate, 
rotate, or scale were to be performed, performance of 
the package could be quite slow. In addition, the 
original definition of the figure would be lost (although 
not irreversibly). If there were a method of performing 
these three operations at a single time, allowing the 
original definition of an object to remain unaltered, 
both the performance and ease of use of the graphics 
package would be enhanced. 

One way in which these operations can be combined is 
by using what is called the “current” matrix. The cur- 
rent matrix is a 4 by 4 double precision real matrix. It 
numerically represents any combination of rotates, 
translates and scales in any order. The matrix is 
multiplied by each 1 by 4 point definition vector on its 
way to being plotted. The result of this multiplication is 
a point that has been rotated, scaled, and translated the 
proper amount. If this matrix is the identity matrix, the 
point will pass through unaltered. Thus, the identity 
matrix represents no scaling, translating, and rotating. 
This multiplication is performed in the routine pline 
lines 20 and 21. 

When a rotate, scale, or translate command is inter- 
preted, the current matrix is multiplied by another 4 by 
4 matrix representing only this transformation. Since 
matrix multiplication is not commutative, the order 
these operations are performed in is preserved. This is 
important, because, for example, a rotate before a 
translate is not the same as a rotate after a translate 
because all rotations are performed pivoting around the 
origin (see Figure 16). Initially, the current matrix is set 
to the identity matrix. The first operation is performed 
relative to state of the current matrix immediately 
preceding the operation. 

Parameters are set up into the current matrix through 
the rotate, scale, translate, ident, push, and pop opera- 
tions. Each name describes the function of the opera- 
tion performed. The routines performing these tasks (in 
order) are: rotate, scale, transl, ident, push, and pop. 
Ident is included to allow all rotates and translates to be 
set to zero and all scales to be set to one. The push and 
pop operations are included in order that figures may 
save the state of the current matrix, while subsequently 
performing operations altering it. This is important 
when a large figure is defined as a set of parts, each of 
which may merely be rotations, etc., of a simpler list of 
parts. 
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Figure 16. Example Cube Viewed from (0,0,10) First Rotated then Translated then Translated then Rotated. 


Before an object can be plotted, the viewpoint of the 
viewer must be known. This information provides the 
location of the viewer in three-dimensional space, and 
the direction the viewer is pointing. It is incorporated in- 
to the 4 by 4 “view” matrix. It is another rotation per- 
formed on the object in order that it is viewed from the 
proper viewing angle. All points are passed through the 
view matrix after they are passed through the current 
matrix. What comes out of these two transformations is 
a set of points located in the proper relative positions in 
three-dimensional space when the figure is rotated, 
translated, and scaled by the operations performed on 
the current matrix, and is also rotated properly by the 
operations set in the view matrix. 

The view matrix is set up by the viewpoint command. 
This command will place in the view matrix the proper 
rotations in order that the image of the object will be 
correct. The routine performing this task is the viewpn 
routine. 

Z-CLIPPING 

All points passed through the current and view matrices 
are located at their proper locations in three- 
dimensional space. However., only a portion of this 
space is visible to the viewer. Specifically, objects 
behind the viewer will not be visible. Every point of an 
object has been mapped to the viewer’s space, however, 
including those behind the viewer. These “invisible” 
points are removed by an operation called 


“Z-clipping.” Simply, it examines the Z parameter of 
every point being considered and determines if it is in 
front of the viewer. In addition, one may not wish to 
display lines a great distance from the viewer. These 
lines may be removed by a similar process. The only 
complication of clipping is the action performed if only 
part of the line is visible. In this instance, the point 
where the line leaves the visible area must be calculated. 
The method used to calculate this point in this im- 
plementation is the method of “like triangles.” 

The Z-clipping parameters are set through the com- 
mand zclip in the routine zclip. The arguments to this 
command are used to determine the visible distance in 
front of the viewer. The first argument sets the 
minimum distance in front of the viewer before any line 
will be visible. Legal values for this parameter are 
anything greater than zero. The second argument sets 
the far distance beyond which no lines will be visible. 
Any value larger than the first argument may be used 
for this parameter. The clipping itself is performed in 
the routine zclipp. 
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PROJECTION 

Projection maps the three-dimensional points previous- 
ly encountered and projects them onto a two- 
dimensional plane. Only single-point perspective is cur- 
rently supported in the package. Here, the projection is 
performed by using the Z parameter to modify the X 
and Y parameters. As the points get more distant, their 
deviation from the center of the picture should get 
smaller, if the X and Y parameters remain constant. 
Most people are aware of this effect. For example, if 
you look down a set of railroad tracks, the rails seem to 
converge, even though the distance between the rails is 
constant (see Figure 17). Two or three -point perspective 
would be easy to implement; all one must do is generate 
the projected X and Y parameters by using the non- 
projected X and Y parameters in addition to using the Z 
parameter. 

This, projection is performed in the graphics package by 
multiplying the 1 by 4 point location vector by a 4 by 4 
“projection” matrix. This matrix is simply the identity 
matrix except the perspective value is placed in location 
(3,4) of the matrix. 



Figure 17. Two Rails, Vanishing into the Distance 

This value is calculated from the viewpoint parameters. 
After the matrix multiply, the only element modified in 
the 1 by 4 point definition vector is the last one (the one 
which is supposed to have the value of one). After the 
multiplication, this location will contain the number 
representing the modification which must be performed 
on the X and Y parameters of the vector to exhibit the 
projection. When this vector is “normalized,” the point 
will have been projected using the rules of single-point 


perspective. This normalization is performed by 
dividing every element in the vector by the last element 
of the vector. Thus, the Z element of the original vector 
has modified the X and Y elements. If two or three- 
point perspective is desired, one must only place 
perspective values in locations (1 ,4) and (2,4) of the pro- 
jection matrix; all subsequent processing will be iden- 
tical. The routines performing these operations are: 
viewpn (sets up vanishing point for perspective), projct 
(sets up the projection matrix, and performs the 
perspective multiplication), and rtorm (normalizes the 
vector). 

X-Y CLIPPING 

Once the data is projected onto a two-dimensional 
plane, X-Y clipping must be performed. This operation 
could also be performed on the three-dimensional data, 
but by deferring it until after the data have been pro- 
jected, the calculations required are simpler. This is not 
true for Z-clipping, since once the data are projected 
onto a plane, the Z parameter is no longer in its original 
form. 

X-Y clipping is performed by comparing X and Y 
parameters with the window values set up by the win- 
dow command. This comparison is a bit more com- 
plicated than the comparison required by Z clipping, 
however, as two clipping parameters are involved. 
There are nine possible regions in which each endpoint 
of a line may reside. For example, some of these regions 
are: within the X and Y window regions, less than the X 
window region but within the Y region, less than the X 
region and less than the Y region, etc. If one or both of 
the endpoints of the line are within the visible region, 
then at least part of the line will be visible. Also, even if 
neither of the endpoints of the line is in the visible 
region, part of the line may still be visible. One must 
therefore determine whether any part of this line would 
be visible. A simple way of performing the task is to 
assign a bit of a word for each of less than and greater 
than the X and Y window limits. This requires four bits. 
The value of the X and Y parameters are then each com- 
pared with the window limits. If the value exceeds the 
limit of the window, the corresponding bit of this point 
descriptor is set. After this “code” has been determined 
for both of the points, the codes for two endpoints are 
bit-wise ANDed together (an extension to FORTRAN 
77 available in FORTRAN 86 allows this operation). If 
the result of this ANDing is zero, then part of the line 
would be visible. If, however, it is not zero, then the en- 
tire line lies outside the visible area. If only part of the 
line is visible, then the point where it leaves the visible 
area must be calculated. The point where the line leaves 
the viewing area is calculated using the same “like 
triangle” method used when Z-clipping is performed. 
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The routines performing these operations are wtovp 
(calls the xyclip routine with the proper parameters), 
xyclip (performs the actual clipping), code (returns the 
binary code for the point position in relation to the win- 
dow), and ppush (calculates the point at which line 
leaves the visible area). 

WINDOW TO VIEWPORT TRANSFORMATION 

Finally, after the points have been processed through all 
of the above, comes their day of glory. Because the lines 
have been clipped, they are constrained to be within the 
given window. Remember, however, that the values for 
this window are in “real world” units. These sizes could 
be measured in inches or miles. These are not generally 
suitable for plotting on a graphics output device. In 
order for the “window” to be displayed on the graphics 
output device, one more transformation must be per- 
formed: the window to viewport transformation. A 
viewport represents a physical location and size on the 
graphics output device. The viewport command sets up 
the appropriate parameters for this transformation. It 
requires four arguments, which allow the viewport to be 
moved around the graphics display surface, and allow 
the size of the viewport to be set. Notice that the 
viewport and the window are not constrained to the 
same aspect ratios, that is, the ratios between the ver- 
tical sizes and the horizontal sizes of the window and 
viewport need not be the same. If these ratios are not the 
same, the figures will be distorted. Performing this 
transformation is simply a matter of scaling the win- 
dowed values to fill the viewport. The code performing 
this transformation is contained within the wtovp 
routine. 

PLOTTER INTERFACE 

This graphics package was written to interface to a 
Hewlett-Packard 7225 A flat bed plotter. Communica- 
tions were performed through an RS232 serial link at 
600 baud. Physically, this is done using the 8251 serial 
controller on the iSBC® 86/12 board inside the Intellec® 
Series III. The plotter has a smart interface. The com- 
mands it accepts are in ASCII, and are on the level of 
“lower the pen,” and “draw a line from the current pen 
position to another pen position.” The routines per- 
forming these operations are plot (determines the 
characters needing to be sent to the plotter), ponum 
(converts a floating point number to an ASCII represen- 
tation of the integer value of the truncated floating 
point number), putout (handles the interface to the 8251 
serial controller chip) and plots (initializes the baud rate 
generator and 8251 serial controller chi^> on the iSBC® 
86/12 board). 


PERFORMANCE MEASUREMENTS 

The above routines were compiled using the Intel FOR- 
TRAN 86 compiler and exeucted on an Intellec® Series 
III development system. The 8086 hardware consists of 
an Intel iSBC® 86/12 board with the 8087 in the 
iSBC® 337 card. The iAPX 86/20 (the 8086 with the 
8087) operate with a clock frequency of 5 MHz. The on 
board memory (64K DRAM) inserts between one and 
three wait states per memory fetch. In addition, owing 
to the size of the memory arrays, the program size, and 
the memory reguirements of the Series III, off board 
memory was required to run the program. 

The times shown in the table do not show the plotting 
time; only the time to generate the output that would be 
sent to the plotter is given. This is because the physical 
speed limitation of the plotter used would not allow the 
iAPX 86/20 system to produce the plotting commands 
at its maximum computational speed. The plotter re- 
quired approximately half an hour to 45 minutes to ac- 
tually draw the second demonstration picture. 

For each line plotted, five 1 by 4 times 4 by 4 matrix 
multiplies must be performed along with a non-trivial 
amount of other floating point operations, such as 
divides and compares. For example, when clipping is 
performed, the line endpoint values must be compared 
to the clipping parameters. If only part of the line is visi- 
ble, then the point the line leaves the visible area must be 
calculated. This requires twelve additional floating 
point operations. Another example is in the window to 
viewport transformation. For each line drawn, four 
floating point multiplies, four floating point divides, 
and four floating point adds must be performed. 

In addition, whenever the rotation, scale, translation or 
viewpoint is changed, 4 by 4 matrix multiplies must be 
performed. In addition, various trigonometric routines, 
such as sines and cosines, must be performed to set up 
the rotation parameters into the matrix. 


The performance measurements are given in Table 1 . 

Table 1. Performance Measurements 



Picture 

Number 

One 

Two 

number of points in picture 

117 

9131 

number of points actually plotted 

117 

6114 

execution time of the 86/20(sec) 

2.84 

188 

execution time of the 86 with 87 

144.77 

9801 

emulator(sec) 



exection time of PDPll/45(sec) 2 

1.7 

120 


2 A PDP11/45 mini-computer with 256K MOS RAM, and a 
FPU-B floating point unit running the UNIX operating 
system during a period of light load. The program was com- 
, piled using the UNIX F77 FORTRAN compiler. 
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The results show that the performance of the iAPX 
86/20 is close to the performance of the mini- computer. 
The figures drawn are shown in Figure 17 for Picture 1 
and Figure 18 for Picture 2. The graphics commands re- 
quired to generate Picture 1 are given in Appendix B. 
Picture 2 shows three views of a single shuttle. (Hint: 
you are looking out the window of one of the shuttles!) 
The shuttle is defined only once in the input data. 
Another point to notice is that each shuttle is a con- 
glomeration of parts. For example, the shuttle wing is 
defined only once in input data. The complete shuttle 


contains two views of this same wing, translated and 
rotated to attach to the appropriate location on the 
fuselage of the shuttle itself. The engine nozzles take 
this same approach a bit further. The complete nozzle is 
defined only once, and is attached in three places on 
each shuttle. In addition, each nozzle is made up of 
replications of the same circle scaled and translated 
through space. Each circle is, in turn, composed of four 
views of one quarter- circle, each rotated a proper 
amount to form one complete circle. 


4 
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Figure 19. Demonstration Picture 2 


CONCLUSIONS 

The routines demonstrated in this note show that the 
types of operations required to manipulate and display a 
three-dimensional figure on a two-dimensional surface 
are far from trivial, involving very many floating point 
operations. With the introduction of the iAPX 86/20, 
the floating point performance required by this type of 
application is finally within the performance limits of 
microcomputers selling for a fraction of the cost of the 
previously required mini- or maxi-computers. Examples 
of systems in which this performance is required are 


Computer Aided Design (CAD) or Computer Aided 
Manufacturing (CAM) systems. In addition, the 
availability of a full ANSI 77 standard FORTRAN com- 
piler (FORTRAN 86) for the iAPX 86/20 enhances the 
production or transportation of existing software to the 
machine. This combination of high performance hard- 
ware with high performance software allows the iAPX 
86/20 to fill applications never before filled by a 
microprocessor. 
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APPENDIX A Contents 


Main Routine 

get 

proc 

ident 

defn 

printd 

callit 

printm 

pline 

pplot 

push 

pop 

rotate 

transl 

pscale 

window 

viewpr 

viewpn 

zclip 

zclipp 

projct 

norm 

wtovp 

xyclip 

code 

ppush 

copym 

mplot 

cube 

arrow 

pyrmd 

mmult4 

mmultl 

plot 

ponum 

plots 

putout 

wastet 
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1 

2 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 


c this is the main routine of the graphics program, basically 
c it sets up default parameters for the rest of the routines, then 
c enters an infinite loop, alternatively fetching lines from the input 
c (using routine getl) and sending them to be processed t?y the graphics 
c processor (proc) 
c 

common /windoe/wxh , wyh 
common /viewp/vxh , vyh, vxc , vyc 
real *8 wxh,wyh, vxh, vyh, vxc, vyc 
common /matrix/currm, view, curp 
real*8 currm( 4 , 4 ) , view( 4 , 4 ) , curp ( 4 ) 
common /clip/hither , yon, dee 
real*8 hither , yon, dee 
common /stacks/stackp, sspace 
real*8 sspace( 10, 4, 4) 
integer stackp 

common /defns/dargl , darg2 , darg3 , darg4 , darg5 , darg6 , darg7 , entry , tailp, ends 
character*10 dargl(500) 

real*8 darg2(500) ,darg3(500) , darg4( 500) , darg5 ( 500) ,darg6(500) ,darg7(500) 

integer entry ( 10 ) , enc|.s ( 10 ) 

integer tailp 

common /cstack/cnum, cnump 

integer cnum( 10 ), cnump 

common /penpos/xpos , ypos , pcount 

real*8 xpos,ypos 

integer*4 pcount 


21 

22 


23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 


38 


3 ? 

40 

41 

42 


c initialize the plotting package 
call plots 

c initialize the stack pointer 

stackp & 1 

c set up a few defaults 
wxh = 10. 
wyh = 10. 
vxh = 5 . 
vyh = 5 . 
vxc = 5 . • 
vyc = 5 . 
hither = 1. 
yon = 100. 
dee = 10. 
tailp = 1 
cnump = 1 
xpos = -i . 
ypos = -1. 
pcount = 0 

print *, 'GRAPHICS program entered! ! ! ' 
c 

c initialize the current matrix 
c 

call ident(currm) 
c 

c and process all the input lines 
c 

100 call getl 

call proc 

goto 100 
end 
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43 

44 

45 

46 


c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 


getl ( line) 

fetches the next line from the input file, and grabs the first 7 
things from it, the first being an alpha command contained within 
(') and the rest being numbers. If less than 6 number are input 
the input line must be terminated by a (/) in order for the 
read statement to be correctly interpreted. The arguments are then 

placed in the common block "args" . When the 'end' command is 
encountered, "success'* is printed on the terminal, and the 
graphics program terminates. 

subroutine getl 

common /args/ argl , arg2 , arg3 , arg4, arg5 , arg6 , arg7 
character*10 argl 

real*8 arg2 , arg3 , arg4 , arg5 , arg6 , arg7 


47 

48 

49 

50 

51 

52 

53 

54 


read ( 5 , * ) argl , arg2 , arg3 , arg4, arg5 , arg6 , arg7 
if (argl .eq. 'end') then 

call plot(0. ,0. ,999) 
print success 1 1 1 1 
stop 

endif 

return 

end 


55 


c 

c 

c 

c 

c 

c 


proc 

proc() does all the processing for a line. It gets its arguments 
from the common block args, and does it's thing 

subroutine proc 


56 

57 

58 

59 

60 
61 
62 

63 

64 

65 

66 


common /matrix/ currm, view, curp 

real *8 currm ( 4 ,4) , view (4, 4) , curp (4) 

common / args /argl , arg2 , arg3 , arg4 , arg5 , arg6 , arg7 

character*10 argl 

real *8 arg2 , arg3 , arg4 , arg5 , arg6 , arg7 

common /clip/hither , yon, dee 

real*8 hither , yon , dee 

common /cstack/cnum, cnump 

integer cnum( 10 ), cnump 

integer i 

integer*4 rtimer , countt 



c 


determine the command entered 

(HUGE 

if-then-e! 


c 


call the appropriate routine with the correct 

67 


if (argl .eq. 'comment') then 



68 



i = 1 



69 

100 


read ( 5 , 800 ) 



*70 



i = i + 1 



71 



if(i .le. int(arg2)) goto 100 



72 

800 


format ( al ) 



73 


else 

if(argl .eq. 'define') then 



74 



i = int(arg2) 



75 



call defn(i) 



76 



call printd(i) 



77 


else 

if(argl .eq. 'call') then 



78 



cnum(cnump) = int(arg2) 



79 



cnump = cnump + 1 



80 



if (cnump .gt. 10) then 



81 



print *,'call nesting 

level 

too deep. 

82 



cnump = 10 



83 



endif 



84 



call callit( cnum(cnump - 1 ), cnump - 

1) 

85 



cnump = cnump - 1 



86 


else 

if(argl .eq. 'line') then 




sorry 
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87 

88 

89 

90 

91 

92 

93 

94 

95 

96 

97 

98 

99 
100 
101 
102 

103 

104 

105 

106 

107 

108 

109 

110 
111 
112 

113 

114 

115 

116 

117 

118 

119 

120 
121 
122 

123 

124 

125 

126 


call pline{ arg2 , arg3 , arg4, arg5 , arg6 , arg7 , 2 ) 
else if(argl .eq. 'plot') then 
i = int(arg5) 

call pplot(arg2, arg3 , arg4, i) 
else if(argl .eq. 'ident') then 
call ident(currm) 
else if(argl .eq. 'push') then 
call push(currm) 
else if(argl .eq. 'pop') then 
call pop(currm) 

else if(argl .eq. 'rotate') then 

call rotate ( arg2 , arg3 , arg4,currm) 
else if(argl .eq. 'translate') then 

call transl ( arg2 , arg3 , arg4, currm) 
else if(argl .eq. 'scale') then 

call pscale(arg2 , arg3 , arg4, currm) 
else if(argl .eq. 'window') then 
call window(arg2, arg3) 
else if(argl .eq. 'viewport') then 

call viewpr(arg2, arg3, arg4, arg5) 
else if(argl .eq. 'viewpoint') then 

call viewpn( arg2 , arg3 , arg4, arg5 , arg6 , arg7 ) 
else if(argl .eq. 'zclip') then 
call zclip(arg2 , arg3 ) 
else if(argl .eq. 'cube') then 

call cube(arg2 , arg3 , arg4, arg5 , arg6 , arg7 ) 
else if(argl .eq. 'arrow') then 
call arrow 

else if(argl .eq. 'pyramid') then 

call pyrmd ( arg2 , arg3 , arcj4 , arg5 , arg6 , arg7 ) 
else if(argl .eq. 'current') then 
call printm( currm) 
else if(argl .eq. 'printdef ' ) then 
i = int(arg2) 
call printd(i) 

else if(argl .eq. 'startt') then 
call stimer 

else if(argl .eq. 'readt') then 
countt = rtimer() 
print *,'the time (in seconds) 


from the last startt is: 


127 


else 


128 


print *, 'error, command ' ,argl, 'unknown' 

129 


endif 


130 


return 


131 


end 



c 

c 

ident(matrx) 



c 

ident () sets the given 4 X 

4 matrix to the identity 


c 



132 


subroutine ident (matrx) 


133 


real*8 matrx(4,4) 


134 


integer i,j 


135 


do 100 i=l , 4 


136 


. do 100 j=l,4 


137 


matrx(i, j ) 

= 0 . 

138 

100 

continue 


139 


do 110 i=l , 4 


140 


matrx(i,i) = 1. 


141 

110 

continue 


142 


return 


143 


end 

5 


, countt/100 
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144 

145 

146 

147 

148 

149 

150 

151 

152 

153 

154 

155 

156 


157 


158 

159 

160 
161 
162 

163 

164 

165 

166 

167 

168 

169 

170 

171 

172 

173 

174 

175 

176 

177 

178 

179 

180 
181 
182 
183 


c 

c 

c 

c 

c 

c 

c 

c 


100 

c 

c 

c 


150 

800 


subroutine defn( number) defines figure number. the defined figure 
is contained in a large common block "defns" which contains 
enough space for a total of 500 commands. comments are not 
stored along with the define commands to save space. the variables 
entry and ends contain the starting and ending indexes of the 
10 possible defined figures 

subroutine defn( number) 
integer number 

common /def ns/dargl , darg2 , darg3 , darg4 , darg5 , darg6 , darg7 , entry , tailp, ends 
character*10 dargl(500) 

real*8 darg2(500) ,darg3( 500) ,darg4( 500) ,darg5(500) ,darg6( 500) , darg7 ( 500) 
integer entry ( 10) , ends ( 10 ) 
integer tailp 

common /args/argl , arg2 , arg3 , arg4, arg5 , arg6 , arg7 
character*10 argl 

real *8 arg2 , arg3 , arg4 , arg5 , arg6 , arg7 
integer i 

entry (number) = tailp 

print start of define is at', tailp 
call getl 

check for terminate of define 

if(argl .eq. 'enddef') then 
ends (number) = tailp 

print *,'end of figure define is at', tailp 
return 

else if(argl .ne. 'comment') then 
dargl( tailp) = argl 
darg2( tailp) = arg2 
darg3( tailp) = arg3 
darg4( tailp) = arg4 
darg5( tailp) = arg5 
darg6( tailp) = arg6 
darg7 (tailp) = arg7 
tailp = tailp + 1 
if(tailp .gt. 500) then 

print *, 'define memory overrun! 1 1 ' 
tailp = 500 

endif 

else 

i = 1 

read ( 5 , 800 ) 

i = i + 1 , 

if(i .le. int ( arg2 ) ) goto 150 
format (al ) 

endif 
goto 100 
end 
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C 

c subroutine printd (number) prints the defined figure commands 

c 


184 


subroutine printd (number) 

185 


integer number 

186 


common /defns/dargl , darg2 , darg3 , darg4 , darg5 # darg6 , darg7 , entry , tailp, ends 

187 


character*10 dargl(500) 

188 


real*8 darg2 ( 500) , darg3 ( 500) , darg4 ( 500 ) , darg5 ( 500) , darg6 ( 500) , darg7 ( 500) 

189 


integer entry ( 10) , ends ( 10) 

190 


integer tailp 

191 


integer i 

192 


i = entry (number) 

193 

100 

if(i .eq. ends ( number ) ) return 

194 


write(6,800)dargl(i) , darg2(i) , darg3(i) ,darg4(i) ,darg5(i) ,darg6(i) ,darg7(i) 

195 

800 

format (alO, 6fll .4) 

196 


i ■ i + 1 

197 


goto 100 

198 


end 


c 

c 

subroutine cal 1 it ( number , nest) causes the defined figure number to 


c 

be input to the graphics processor, nesting level must be provided 


c 

to allow pseudo-recursive type calls... 

199 


subroutine callit( number , nest) 

200 


integer number, nest 

201 


common /defns/dargl , darg2 , darg3 , darg4 , darg5 , darg6 , darg7 , entry , tailp, ends 

202 


character*10 dargl(500) 

203 


real*8 darg2 ( 500) , darg3 ( 500 ) , darg4 ( 500 ) , darg5 ( 500 ) ,darg6(500) ,darg7(500) 

204 


integer entry(10) , ends( 10) 

205 


integer tailp 

206 


common /args/ argl , arg2 , arg3 , arg4 , arg5 , arg6 , arg7 

207 


character*10 argl 

208 


real*8 arg2 , arg3 , arg4 , arg5 , arg6 , arg7 

209 


integer i(10) 

210 


i(nest) = entry (number ) 

211 

100 

if(i(nest) .eq. ends(number) ) return 

212 


argl = dargl ( i (nest ) ) 

213 


arg2 = darg2( i(nest) ) 

214 


arg3 = darg3( i(nest) ) 

215 


arg4 = darg4( i(nest) ) 

216 


arg5 = darg5 ( i ( nest ) ) 

217 


arg6 = darg6( i(nest) ) 

218 


arg7 = darg7 ( i ( nest ) ) 

219 


call proc 

220 


i(nest) = i(nest) + 1 

221 


goto 100 

222 


end 


c 



c 

printm(matrx) 


c 

printm prints out the given 4x4 double precision matrix 

223 


subroutine printm(matrx ) 

224 


real*8 matrx(4,4) 

225 


integer i 

226 


do 100 i=l , 4 

227 


write(6,800)matrx(i, 1) ,matrx(i,2) ,matrx(i, 3) ,matrx(i,4) 

228 

100 

continue 

229 

800 

format (4f 15 .4) 

230 


return 

231 


end 
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C 

c pline( x,y, z, a,b, c, s) 

c i 

c pline( ) draws a line from (x,y,z) to (a,b,c) with pencode 

c the current window, viewpoint, viewport, etc. 

c 

1 subroutine pline( x, y , z , a,b, c , s ) 

2 real*8 x,y,z,a,b,c 

3 integer s 

4 common /matrix/currm, view, curp 

5 real*R currm(4 , 4) , view( 4 , 4 ) , curp( 4 ) 

6 logical zclipp,junk 

7 real*8 tmpf (4 ) , tmpt ( 4 ) 


8 

tmpf ( 1 ) 

= X 

9 

tmpf ( 2 ) 

= y 

10 

tmpf ( 3 ) 

= z 

11 

tmpf (4) 

= 1 

12 

tmpt ( 1 ) 

= a 

13 

tmpt ( 2 ) 

= b 

14 

tmpt ( 3 ) 

= c 

15 

tmpt ( 4 ) 

= 1 

16 

curp( 1 ) 

= a 

17 

curp( 2 ) 

= b 

18 

curp ( 3 ) 

= c 

19 

curp(4) 

= 1 


c 


c perform translations, and viewing translation 
c 


using 


20 

21 

22 

23 


24 

25 


26 

27 


28 

29 

30 


call mmultl (tmpf , currm, tmpf ) 
call mmultl ( tmpt , currm, tmpt ) 
call mmultl(tmpf , view, tmpf ) 
call mmultl ( tmpt , view, tmpt ) 
c 

* c perform zclipping on both points... 
c 

if (zclipp( tmpf , tmpt) .eq. .false.) goto 200 
junk=zclipp(tmpt , tmpf ) 
c 

c project the vector into 7-D 
c 

call projct(tmpf) 
call pro jet (tmpt) 
c 

c do x/y clipping, the window to viewport transform, and plot the vector 
c 

call wtovp(tmpf , tmpt, s) 

200 return 

end 
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31 

3? 

33 

34 

35 


c 

c 

c 

c 

c 

c 

c 


pplot ( x , y , z, t) 

plot a line from the current position to (x,y,z) using pencode t. 
Basically, sets up a call to pline from the current position 
to the new position using the appropriate pencode. 

subroutine pplot ( x, y, z , t) 
real*8 x,y,z 
integer t 

common /matrix/currm, view, curp 
real*8 currm(4,4) ,view(4,4) ,curp(4) 


36 

37 

38 


call pline f curp( 1 ) ,curp(2) ,curp(3) ,x,y,z,t) 

return 

end 


39 

40 

41 

42 

43 


c 

c 

c 

c 

c 

c 

c 


pu sh(matrix) 

pushO pushes the given matrix onto the matrix stack, checks 
for stack overflow, and won't let you 111! Does not alter the 
current matrix. 

subroutine push(matrix) 
real*8 matrix, sspace (4 , 4 , 10 ) 
integer stackp 
dimension matrix(4,4) 
common /stacks/stackp, sspace 


44 

45 

46 

47 

48 

49 

50 

51 


if(stackp .gt. 10) then 

print stack overflow' 
return 

end if 

call copym(s space ( 1,1, stackp) , matrix) 

stackp=stackp+l 

return 

end 


52 

53 

54 

55 

56 


pop(matrix) 

pop( ) pops the top of stack into the given matrix. Checks for 
stack underflow, and again won't let you do it till 

subroutine pop(matrix) 
real*8 matrix, sspace(4, 4, 10) 
integer stackp 
dimension matrix(4,4) 
common /stacks/stackp, sspace 


57 

58 

59 

60 
61 
62 

63 

64 

65 


stackp=stackp-l 
if (stackp .It. 1) then 

print *, 'stack underflow' 

stackp = 1 

return 

end if 

call copym(matrix, sspace( 1,1, stackp) ) 

return 

end 


3-528 


210384-001 



AP-144 


rotate (x,y, z, matrix) 


1 

2 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 
21 
22 

23 

24 

25 


rotate () pre-concatenates the given (x,y,z) rotation, to the 
supplied matrix(usually the current matrix). x,y,z are given 
in degrees. 

subroutine rotate(x,y, z, matrix) 
real*8 x,y,z, matrix 
dimension matrix(4,4) 
real*8 tmp 
dimension tmp (4, 4) 

call ident(tmp) 

tmp (2,2) = cos ( x * 0.01745329) 
tmp (3,3) = tmp (2,2) 
tmp (2,3) = sin( x * 0.01745329) 
tmp (3,2) = - tmp (2,3) 

call mmult4( tmp, matrix, matrix) 

call ident(tmp) 

tmp (1,1) = cos (y * 0.01745329) 
tmp (3,3) = tmp (1,1) 
tmp (3,1) = sin(y * 0.01745329) 
tmp (1,3) - - tmp (3,1) 

call mmult4( tmp, matrix, matrix) 

call ident(tmp) 

tmp (1,1) = cos ( z * 0.01745329) 
tmp (2,2) = tmp (1,1) 
tmp (1,2) = sin( z * 0.01745329) 
tmp (2,1) = - tmp (1,2) 

call mmult4( tmp, matrix, matrix) 

return 

end 


26 

27 

28 


translate( x, y*, z , matrix) 

translate ( ) pre-concatenates the given tranlation (x,y,z) to the 
given matrix ( usually the current matrix) . 

subroutine transl(x,y, z, matrix) 
real*8 x,y,z, matrix 
dimension matrix (4, 4) 


29 

30 

31 

32 

33 

34 

35 

36 

37 


real *8 tmp 
dimension tmp (4, 4) 

call ident(tmp) 
tmp (4,1) - x 
tmp ( 4 , 2 ) = y 
tmp (4,3) = z 

call mmult4( tmp, matrix, matrix) 

return 

end 
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38 

39 

40 


c 

c 

c 

c 

c 

c 


pscale( x,y, z, matrix) 

pscale pre-concatenates the given scaling ( x,y,z ) onto the 
given matrix. 

subroutine pscale( x,y , z, matrix) 
real*8 x,y,z, matrix 
dimension matrix (4, 4) 


41 real*8 tmp 

42 dimension tmp (4, 4) 


43 call ident(tmp) 

44 tmp (1,1) = x 

45 tmp (2,2) = y 

46 tmp (3, 3) = z 


47 call mmult4( tmp, matrix, matrix) 

48 return 

49 end 


50 

51 

52 

53 


c 

c 

c 

c 

c 

c 


window ( a, b) viewport ( a, b,c,d) 

these two routines set up the global variables according to the 
given parameters. 

subroutine window(a,b) 
real^8 a,b 
real*8 wxh,wyh 
common /windoe/wxh,wyh 


54 

wxh = a 

55 

wyh = b 

56 

return 

57 

end 


58 

59 

60 
61 


subroutine viewpr(a,b, c,d) 
real*8 a,b,c,d 
real*8 vxh, vyh, vxc, vyc 
common /viewp/vxh, vyh, vxc, vyc 


62 

63 

64 

65 

66 

67 

68 

69 

70 

71 

72 


vxc = a 
vyc = b 
vxh = c 
vyh = d 

call mplot(vxc - vxh,' vyc - vyh, 3) 
call mplot(vxc + vxh, vyc - vyh, 2) 
call mplot(vxc + vxh, vyc + vyh, 2) 
call mplot(vxc - vxh, vyc + vyh, 2) 
call mplot(vxc - vxh, vyc - vyh, 2) 
return 
6nd 
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C 

c viewpoint ( a, b, c, d, e, f) 

c 

c viewpoint sets up the viewing transformation for the given 

c to and from points the eye position is (a,b,c) the lookat 

c position is (d,e,f). 

c 

1 subroutine viewpn( a , b, c , d , e , f ) 

2 real*8 a,b,c,d,e,f 


3 

4 

5 

6 

7 

8 


9 


10 


11 

12 

13 

14 

15 

16 

17 

18 
19 


c 

c 

c 

c 

c 

c 

c 

c 

c 


real*8 angle 

real *8 tmp( 4 , 4 ) , tmpp ( 4 ) 

common /matrix/currm, view, curp 

real*8 currm(4,4) , view (4, 4) ,curp(4) 

common /clip/hither, yon, dee 

real*8 hither , yon, dee 


initialize the viewing transformation 

call ident(view) 

move lookat position to origin 

call transl( -d, -e, -f , view) 

rotate view matrix per the lookat angle 

a = a - d 
b = b - e 
c = c - f 

angle = - atan2(a,c) 
call ident(tmp) 
tmp(l,l) = cos (angle) 
tmp (3,3) = tmp (1,1) 
tmp (3,1) = sin( angle) 
tmp (1,3) = - tmp (3,1) 


20 


call mmult4( view, tmp, view) 


21 angle - atan2(b, sqrt(a*a + c*c)) 

22 call ident(tmp) 

23 tmp(2,2) * cos (angle) 

24 tmp(3,3) = tmp (2, 2) 

25 tmp(2,3) = sin(angle) 

26 tmp (3,2) = - tmp(2,3) 


27 call mmult4( view, tmp, view) 

28 a = a + d 

29 b = b + e 

30 c = c + f 

31 tmpp(l) = a 

32 tmpp ( 2 ) = b 

33 tmpp(3) = c 

34 tmpp(4) * 1. 

35 call mmultl (tmpp, view, tmpp) 


36 dee = tmpp(3) 

37 return 

38 end 
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C 

c zclip(a,b) 

c 

c zclip( ) sets up the global clipping parameters, a is the hither, 

c b the yon, does not allow the hither plane to be behind the 

c viewer, nor does it allow the yon to be between the viewer 

c and the hither. 


c 


39 


subroutine zclip(a,b) 


40 


real*8 a,b 


41 


real*8 hither , yon , dee 


42 


common /clip/hither , yon , dee 


43 


if(a .It. 0) then 


44 


print *,'bad hither parameter' 


45 


a = 0 


46 


end - if 


47 


if(b .It. a) then 


48 


print *,'bad yon parameter' 


49 


b = a + 100 


50 


end if 


51 


hither = a 


52 


yon = b 


53 


return 


54 


end 



c 

c 

zcl ipping ( vectl , vect2 ) 



c 

zclipping() performs the zclipping or 

i vectl using the global 


c 

zclipping parameters. Modifies ONLY 

vectl, returns true if 


c 

a portion of the vector indicated by 

( clipped) vectl and vect2 


c 

will be visible in the scene. 


55 

c 

logical function zclipp( vectl ,vect2) 


56 


real*8 vectl (4) , vect2(4) 


57 


common /clip/hither , yon, dee 


58 


real*8 hither , yon, dee 


59 


real*8 htr,yn 


60 


htr = dee - hither 


61 


yn = dee - yon 


62 


zclipp = .true. 


63 


if(vectl(3) .gt. htr) then 


64 


if(vect2(3) .gt. htr) then 


65 


zclipp = .false. 


66 


else 



c 

c 

you must modify the x and y parameters (according to like triangles) 


c 

when the z parameter is modified! 11 


67 


vectl(l) = (vectl (1) 

- vect2(l) )*( (htr - vect2(3))/ 



* (vectl(3) 

- vect2(3))) + vect2(l) 

68 


vectl (2) = ( vectl ( 2 ) 

- vect2(2) )*( (htr - vect2(3))/ 



* (vectl (3) 

- vect2 ( 3 ) ) ) + vect2 ( 2 ) 

69 


vectl(3) = htr 


70 


zclipp = .true. 


71 


end if 


72 


else if (vectl (3) .It. yn) then 


73 


if(vect2(3) .It. yn) then 


74 


zclipp =* .false. 


75 


else 
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76 


vectl(l) = (vect2(l) 

- vectl(l) )*( (yn - vectl (3))/ 



* * ( vect2 ( 3 ) 

- vectl (3))) + vectl (1) 

77 


vectl ( 2 ) = ( vect2 ( 2 ) 

- vectl ( 2 ) ) * ( (yn - vectl (3))/ 



* (vect2(3) 

- vectl(3))) + vectl (2) 

78 


vectl(3) = yn 


79 


zclipp = .true. 


80 


end if 


81 


end if 


82 


return 


83 


end 



c 

c 

projct( vector) 



c 

c 

projct() projects the given vector to a 

point in 2-D space using 


c 

c 

the global "dee" parameter, for single point perspective. 

1 


subroutine pro jet (vector ) 


2 


real*8 vector (4) 

/ 

3 


common /clip/hither , yon, dee 


4 


real*8 hither , yon, dee 


5 


real*8 tmp(4,4) 


6 


call ident(tmp) 


7 


if(dee .ne. 0) then 


8 


tmp(3,4) = - 1 / dee 


9 


else 


10 


tmp (3,4) = - 1000000000. 


11 


endif 


12 


call mmultl (vector, tmp, vector) 


13 


call norm (vector) 


14 


return 


15 


end 



c 

c 

norm( vector ) 



c 

c 

c 

norm( ) normalizes the given vector. 


16 

c 

subroutine norm( vector) 


17 


real*8 vector(4) 


18 


vector(l) = vector(l) / vector (4) 


19 


vector(2) = vector (2) / vector (4) 


20 


vector(3) = vector(3) / vector (4) 


21 


vector (4) = 1. 


22 


return 


23 


end ; 
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c 

c 

wtovp( from, to,pencode) 


c 

wtovp( ) takes the projected from and to points, and; 


c 

1; does x/y clipping on the window 


c 

2; does the window to viewport translation 


c 

3: plots the transformed points onto the device 

24 


subroutine wtovp( from, to,pencde) 

25 


real*8 from(4) , to(4) 

26 


integer pencde 

27 


common /windoe/wxh,wyh 

28 


real*8 wxh,wyh 

29 


common /viewp/vxh, vyh,vxc, vyc 

30 


real *8 vxh, vyh, vxc, vyc 

31 


logical xyclip 

32 


real*8 xp,yp 

33 


if ( xyclip ( from, to) ) then 

34 


xp = (from(l)) * vxh / wxh + vxc 

35 


yp - (from(2)) * vyh / wyh + vyc 

36 


call mplot(xp,yp, 3) 

37 


xp = (to(l ) ) * vxh / wxh + vxc 

38 


yp = ( to ( 2 ) ) * vyh / wyh + vyc 

39 


call mplot( xp,yp, pencde) 

40 


endif 

41 


return 

42 


end 


c 

c 

xyclip( from, to) 


c 

c 

xyclip( ) performs the x/y clipping on both the from and 


c 

vectors in the window cooridinates . Returnes false if 


c 

none of the vector would be visible. 

43 

c 

logical function xyclip( from, to) 

44 


real*8 from(4) , to(4) 

45 


integer*2 cf,ct 

46 


xyclip = .false. 

47 

100 

call code ( from, cf) 

48 


call code(to,ct) 

49 


if((cf .and. ct) .ne. 0) goto 105 

50 


if(cf .ne. 0) call ppush( cf , f rom, to) 

51 


if(ct .ne. 0) call ppush( ct , to, from) 

52 


if((cf + ct) .ne. 0) goto 100 

53 


xyclip = .true. 

54 

105 

return 

55 


end 
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c 

c code ( vector , f lag ) 

c 

c code( ) returns the binary code in flag for vector indicating 

c it's position relative to the window, 

c 

1 subroutine code( vector , flag) 

2 real*8 vector(4) 

3 integer flag 

4 common /windoe/wxh, wyh 

5 real*8 wxh, wyh 

6 real*8 tmp 

7 flag = 0 

8 tmp = vector(l) 

9 if (tmp .It. - wxh) flag = 1 

10 if(tmp .gt. wxh) flag = flag + 2 

11 tmp = vector(2) 

12 if(tmp .It. -wyh) flag = flag + 4 

13 if(tmp .gt. wyh) flag = flag + 8 

14 return 

15 end 


c 

c ppush( flag, to, from) 

c 

c ppush() pushes "to" towards "from" according to flag, which 

c contains the code returned by code(). used to insure that the 

c line exits the window at the correct point 

c 


16 


subroutine ppush( flag , to, from) 

17 


real*8 to(4) , from(4) 

18 


integer flag 


19 


common /windoe/wxh, wyh 

20 


real*8 wxh, wyh 

21 


if ( ( flag .and * 

1) .ne. 0) then 

22 


to( 2 ) 

= ((-wxh - from(l)) 


* 


/(to(l) - from(l) ) )*(to(2) 

23 


tod) 

= -wxh 

24 


endif 


25 


if ( ( flag . and . 

2) .ne. 0) then 

26 


to( 2 ) 

= ( (wxh - from ( 1 ) ) 


* 


/ ( to ( 1 ) - from(l) ) )*(to(2) 

27 7 


tod) 

= wxh 

28 


endif 


29 


if ( ( flag .and. 

4) .ne. 0) then 

30 


to(l) 

= ((-wyh - from(2)) 


* 


/ ( to( 2 ) - from( 2 ) ) ) * ( to( 1 ) 

31 


to( 2 ) 

= -wyh 

32 


endif 


33 


if ( ( flag .an4« 

8) .ne. 0) then 

34 


to(l) 

= ( (wyh - from( 2 ) ) 


* 


/ ( to( 2 ) - from( 2 ) ) ) * ( to( 1 ) 

35 


to( 2 ) 

= wyh 

36 


endif 


37 


return 


38 


end 



from(2)) + from(2) 


from(2)) + from(2) 


from(l)) + from(l) 


from(l)) + from(l) 
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C 

C 

c 

c 

c 

39 

40 

41 


copym ( dst , sr c ) 

copym() copies the src 4X4 matrix to the dst 4X4 matrix. 

subroutine copym (dst , src) 
real*8 dst(16) , src(16) 

integer i 


42 

43 

44 100 

45 

46 


do 100 i * 1,16 

dst(i) = src(i) 

continue 

return 

end 


47 

48 

49 


c 

c 

c 

c 

c 

c 

c 


mplot ( argl , arg2 , arg3 ) 

mplot () calls plot with argl , arg2 , arg3 . inserted as another level 

of indirection in order to allow the actual plot commands to be 
written to a file, etc. 

subroutine mplot ( argl, arg2, arg3 ) 
real*8 argl,arg2 
integer arg3 


50 

51 

52 


call plot ( argl, arg2,arg3) 

return 

end 


1 

2 


c 

c 

c 

c 

c 

c 


cube ( argl , arg2 , arg3 , arg4 , arg5 , arg6 ) 

cube() generates a cube centered at ( argl , arg2 , arg3 ) with 
arg4, arg5 , arg6 as it's half widths 

subroutine cube ( argl , arg2 , arg3 , arg4 , arg5 , arg6 ) 
real *8 argl , arg2 , arg3 , arg4, arg5 , arg6 


3 

4 

5 

6 

7 

8 
9 

10 

11 

12 

13 

14 

15 

16 


call pline ( argl-arg4 , arg2-arg5 , arg3-arg6 , argl+arg4, arg2-arg5 , arg3-arg6 , 2 ) 

call pplot ( argl+arg4 , arg2+arg5 , arg3-arg6 , 2 ) 

call pplot ( argl -arg4 , arg2+arg5 , arg3-arg6 , 2 ) 

call pplot ( argl~arg4, arg2-arg5 , arg3-arg6 , 2 ) 

call pplot ( argl -arg4, arg2-arg5, arg3+arg6 , 2 ) 

call pplot ( argl+arg4, arg2-arg5 , arg3+arg6 , 2 ) 

call pplot ( argl+arg4 , arg2+arg5 , arg3+arg6 , 2 ) 

call pplot ( argl-arg4 , arg2+arg5 , arg3+arg6 , 2 ) 

call pplot ( argl-arg4 , arg2-arg5 , arg3+arg6 , 2 ) 

call pline (argl+arg4, arg2-arg5 , arg3-arg6, argl+arg4, arg2-arg5,arg3+arg6, 2) 
call pline ( argl+arg4 , arg2+arg5 , arg3-arg6 , argl+arg4 , arg2+arg5 , arg3+arg6 , 2 ) 
call pline ( argl-arg4 , arg2+arg5 , arg3-arg6 , argl-arg4 , arg2+arg5 , arg3+arg6 , 2 ) 
return 
end 
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17 


c 

c 

c 

c 

c 

c 


arrow( ) 

arrow ( ) draws a sort-of arrow from (0,0,0) to (1,0,0) 
subroutine arrow( ) 


18 

19 

20 
21 
22 

23 

24 


call 

pline( 0 . 

,0. 

,0. , 

, 1. ,0. , 0. ,2) 

call 

pline( 1 . 

,0. ,0. 

, .8, .2,0. ,2) 

call 

pline( 1 . 

,0. 

, 0 . 

, .8,0. ,.2,2) 

call 

pline( 1 . 

, 0 ., 0 . 

, .8, -.2,0. , 2) 

call 

pline( 1 . 

,0. 

, 0 . 

, .8,0. ,-.2, 2) 


return 

end 

\ 


25 

26 


c 

c 

c 

c 

c 

c 

c 


pyrmd ( argl , arg2 , arg3 , arg4 , arg5 , arg6 ) 

pyrmd () draws a pyramid with the center of it’s base at 
(argl , arg2 , arg3 ) and half x,y,z widths of arg4 , arg5 , arg6 . 
The height is the x half width. 

subroutine pyrmd ( argl , arg2 , arg3 , arg4 , arg5 , arg6 ) 
real*8 argl , arg2 , arg3 , arg4 , arg5 , arg6 


27 


real*8 height 


28 

29 

30 

31 


call pline( argl-arg4, arg2-arg5 , arg3-arg6 , argl+arg4 , arg2-arg5 , arg3-arg6 , 2) 
call pplot ( argl+arg4, arg2+arg5 , arg3-arg6 , 2 ) 
call pplot ( argl -arg4, arg2+arg5 , arg3-arg6 , 2 ) 
call pplot( argl-arg4, arg2-arg5 , arg3-arg6 , 2 ) 


32 

33 

34 

35 

36 

37 

38 


height = arg4 - argl 

call pline ( argl-arg4 , arg2-arg5 , arg3-arg6 , argl , arg2 , arg3+height , 2 ) 
call pline( argl+arg4, arg2-arg5 , arg3-arg6 , argl , arg2 , arg3+height , 2 ) 
call pline ( argl-arg4, arg2+arg5, arg3-arg6, argl , arg2 , arg3+height, 2) 
call pline (argl+arg4, arg2+arg5 , arg3-arg6 , argl , arg2 , arg3+height , 2 ) 
return 
end 
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subroutine mmult4(mpl ,mp2,mpr ) 

subroutine mmult4 multiplies the mpl 4x4 matrix 
and multiplies it by the mp2 4x4 matrix. the result is 
placed in the mpr 4x4 matrix. internal results are placed 
in a temporary matrix, then copied over in order that one of 
the operands may be used as the destination matrix 


subroutine mmult4(mpl ,mp2,mpr ) 


2 


real*8 mpl (4,4) ,mp2(4,4) , mpr (4, 4) 

3 


real*8 acc 

4 


real*8 temp(4,4) 

5 


integer i,j,k 

6 


do 100 i=l , 4 

7 


do 100 j=l , 4 

8 


acc = 0. 

9 


do 110 k=l , 4 

10 


acc = acc + mpl ( i , k) *mp2 (k, j ) 

11 

110 

continue 

12 


temp( i , j ) = acc 

13 

100 

continue 

14 


do 120 i=l , 4 

15 


do 120 j=l , 4 

16 


mpr ( i , j ) = temp( i , j) 

17 

120 

continue 

18 


return 

19 


end 


c 

c 

subroutine mmultl (mpl ,mp2 ,mpr ) 


c 

subroutine mmultl multiplies the mpl 4 position 1 


c 

by the mp2 4x4 matrix. _the result is put in the 


c 

position vector. results are calculated into a 


c 

vector, then copied over so that the mpl vector ] 


c 

as the destination of the result 

20 

c 

subroutine mmultl (mpl ,mp2, mpr ) 

21 


real*8 mpl(4) ,mp2(4,4) ,mpr(4) 

22 


real*8 acc 

23 


real*8 temp(4) 

24 


integer i , j ,k 

25 


do 100 j=l , 4 

26 


acc = 0. 

27 


do 110 k=l , 4 

28 


acc = acc + mpl (k) *mp2 (k, j ) 

29 

110 

continue 

30 


temp( j ) = acc 

31 

100 

continue 

32 


do 120 i-1,4 

33 


mpr(i) = temp(i) 

34 

120 

continue 

35 


return 

36 


end 


a temporary 
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1 

2 

3 

4 

5 

6 


c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 


subroutine plot ( x, y , penc ) 

subroutine plot plots a line from the current pen position to 
the given pen position using the pencode given. The possible 
pen codes are: 

2: pen down 
3 : pen up 

999: terminate plotting 

the actual interface described here if for the serial port on the 
iSBC 86/l2a board connected to an HP7225A flat bed plotter. no 
handshaking is done. 

subroutine plot( x,y , penc) 
real*8 x,y 
integer penc 

common /penpos/xpos , ypos , pcount 
real*8 xpbs,ypos 
integer*4 pcount 


7 


pcount = pcount + 1 


8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 
21 
22 

23 

24 

25 


if (penc .eq. 999) then 

call putout ( ' P ' ) 
call putout ( ' U ' ) 
call putout ( ' ; 1 ) 

print *,'the number of points plotted is pcount 
goto 200 

endif 

if ( (xpos.eq.x) .and. (ypos.eq.y) ) then 
if (penc .eq. 2) then 

call putout ( ' P ' ) 
call putout ( ' D ' ) 
call putout ( ' ; ' ) 
call putout ( ' P • ) 
call putout ( 'U* ) 
call putout ( ' ; ' ) 

else 

goto 200 

endif 


26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 


else 

if (penc .eq. 3) then 

call putout ( ' P ' ) 
call putout ( ' U ' ) 

else if (penc .eq. 2) then 
call putout ( ' P ' ) 
call putout ( ' D' ) 

else 

call putout ( ' P ' ) 
call putout ( ' U ' ) 
call putout ( ’ ; ' ) 
goto 200 

endif 
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39 

call 

putout ( ' ; ' ) 

40 

call 

putout ( 1 P ' ) 
putout ( ' A' ) 

41 

call 

42 

if (x 

.gt. 12) x * 12 

43 

call 

ponum ( x) 

44 

call 

putout ( ' , ' ) 

45 

if (y 

.gt. 10) y = 10 

46 

call 

ponum ( y ) 

47 - 

call 

putout ( ' ; ' ) 

48 

endif 

49 

xpos = X 


50 

ypos • y 


51 200 

return 


52 

end 



C 

c subroutine ponum ( number ) 

c 

c subroutine ponum takes the given double precision real number, 

c truncates it to integer, then runs the resultant integer out 

c the iSBC 86/l2a serial port. leading zeros are suppressed, 

c the maximum number is 99999111 

c 


53 

subroutine ponum ( number ) 

54 

real*8 number 

55 

character lookup(9) 

56 

logical flag 

57 

integer multip(5) 

58 

integer work 

59 

data lookup/ , l , ,'2 , ,'3','4 , ,'5', , 6 , , , 

60 

data multip/10000, 1000, 100, 10,1/ 

61 

flag = .false. 

62 

if (number .It. 0) number ■ 0. 

63 

number = number * 800. 

64 

do 100 i * 1,5 

65 

work = aint( number / real (multip( i) ) ) 

66 

if (work .eq. 0) then 

67 

if (flag) call putout ( 'O' ) 

68 

else 

69 

call putout ( lookup (work) ) 

70 

flag = .true. 

71 

endif 

72 

number = number - work * multip(i) 

73 100 

continue 

74 

if (.not. flag) call putout('O') 

75 

return 

76 

end 
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77 

78 

79 

80 
81 
82 

83 

84 

85 

86 

87 

88 

89 

90 

91 

92 

93 

94 

95 


96 

97 

98 

99 
100 
101 

102 

103 

104 


105 

106 
107 


c 

c subroutine plots 

c 

c subroutine plots initialized the iSBC86/l2 board baud rate 

c generator ( really part of the 8253 timer) and serial line, 

c the given numbers will set it up for 600 baud, 8 bits, no 

c parity 

c 

subroutine plots 
common /penpos/ xpos , ypos 
real*8 xpos, ypos 

xpos * 10000. 
ypos = 10000. 

call output ( #0d6h , inti ( #0b6h ) ) 
call output ( #0d4h, inti ( #80h) ) 
call output ( #0d4h, intl(0) ) 

call output ( #0dah, inti ( #72h) ) 

na 1 1 Tja c+* pf 

call output ( #0dah, inti ( #25h) ) 
call wastet 

call output( #0dah, inti ( #62h) ) 
call wastet 

call output ( #0dah, inti ( #0ceh) ) 
call wastet 

call output ( #0dah, inti ( #27h) ) 

return 

end 


c 

c 

c 

c 

c 

c 

c 


100 


subroutine putout(c) 

subroutine putout puts the character given out on the iSBC 86/12 
board serial line (checks for transmitter empty, loops on not empty, 
on empty puts out the character) 

subroutine putout (c) 
character c 
integer*l status 

call input ( #0dah, status) 
status = status .and. 4 
if(status .eq. 0) goto 100 

call output ( #0d8h, inti ( ichar ( c) ) ) 

return 

end 


c 

c subroutine wastet 

c 

c subroutine wastet wastes a little bit of time while the 8253 gets 

c its act together 

c 

subroutine wastet 

return 

end 
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APPENDIX B 


) 


run :f5:graph 
'define' 1 / 
'viewport' 2.5 
'viewpoint' 10 
'window' 10 10 
'cube' 0002 
'viewport* *7.5 
' rotate ' 1515 
'cube' 0002 
'viewport' 2.5 
' ident' / 
'viewpoint' 10 
'cube' 0002 
' viewport '7.5 
'rotate' 30 30 
'cube' 0002 
'enddef / 
'call' 1 / 

' end ' / 


2.5 2 2 / 

10 10 o 0 0 / 

/ 

2 2 / 

2.5 2 2 / 

1*5 / 

2 2 / 

7.5 2 2 / 

0 0 0 0 0 / 

2 2 / 

7.5 2 2 / 

30 / 

2 2 / 
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1. INTRODUCTION 

As state of the art technology has increased the number 
of transistors possible on a single integrated circuit, 
these devices have attained new, higher levels of both 
performance and functionality. Riding this crest are the 
Intel 80186 and 80286 microprocessors. While the 
80286 has added memory protection and management 
to the basic 8086 architecture, the 80186 has integrated 
six separate functional blocks into a single device. 

The purpose of this note is to explain, through example, 
the use of the 80186 with various peripheral and mem- 
ory devices. Because the 80186 integrates a DMA unit, 
timer unit, interrupt controller unit, bus controller unit 
and chip select and ready generation unit with the CPU 


on a single chip (see Figure 1), system construction is 
simplified since many of the peripheral interfaces are in- 
tegrated onto the device. 

The 80186 family actually consists of two processors: the 
80186 and 80188. The only difference between the two 
processors is that the 80186 maintains a 16-bit external 
,data bus while the 80188 has an 8-bit external data bus. 
Internally, they both implement the same processor with 
the same integrated peripheral components. Thus, ex- 
cept where noted, all 80186 information in this note also 
applies to the 80188. The implications of having an 8-bit 
external data bus on the 80188 are explicitly noted in ap- 
pendix I. Any parametric values included in this note are 
taken from the iAPX 186 Advance Information data 
sheet, and pertain to 8Mhz devices. 


INT3/INTA1 
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Figure 1. 80186 Block Diagram 
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2. OVERVIEW OF THE 80186 
2.1 The CPU 

The 80186 CPU shares a common base architecture 
with the 8086, 8088 and 80286. It is completely object 
code compatible with the 8086/88. This architecture 
features four 16-bit general purpose registers (AX,BX, 
CX,DX) which may be used as operands in most arith- 
metic operations in either 8 or 16 bit units. It also fea- 
tures four 16-bit “pointer” registers (SI,DI,BP,SP) 
which may be used both in arithmetic operations and in 
accessing memory based variables. Four 16-bit segment 
registers (CS,DS,SS,ES) are provided'' allowing simple 
memory partitioning to aid construction of modular pro- 
grams. Finally, it has a 16-bit instruction pointer and a 
1 6-bit status register. 

Physical memory addresses are generated by the 80186 
identically to the 8086. The 16-bit segment value is left 
shifted 4 bits and then is added to an offset value which 
is derived from combinations of the pointer registers, the 
instruction pointer, and immediate values (see Figure 
2). Any carry out of this addition is ignored. The result 
of this addition is a 20-bit physical address which is pre- 
sented to the system memory. 

The 80186 has a 16-bit ALU which performs 8 or 16-bit 
arithmetic and logical operations. It provides for data 
movement among registers, memory and I/O space. In 
addition, the CPU allows for high speed data transfer 
from one area of memory to another using string move 
instructions, and to or from an I/O port and memory us- 
ing block I/O instructions. Finally, the CPU provides a 


wealth of conditional branch and other control 
instructions. 

, In the 80186, as in the 8086, instruction fetching and in- 
struction execution are performed by separate units: the 
bus interface unit and the execution unit, respectively. 
The 80186 also has a 6-byte prefetch queue as does the 
8086. The 80188 has a 4-byte prefetch queue as does the 
8088. As a program is executing, opcodes are fetched 
from memory by the bus interface unit and placed in this 
queue. Whenever the execution unit requires another in- 
struction, it takes it out of the queue. Effective processor 
throughput is increased by adding this queue, since the 
bus interface unit may continue to fetch instructions 
while the execution unit executes a long instruction. 
Then, when the CPU completes this instruction, it does 
not have to wait for another instruction to be fetched 
from memory. 

2.2 80186 CPU Enhancements 

Although the 80186 is completely object code compati- 
ble with the 8086, most of the 8086 instructions require 
fewer clock cycles to execute on the 80186 than on the 
8086 because of hardware enhancements in the bus in- 
terface unit and the execution unit. In addition, the 
80186 provides many new instructions which simplify 
assembly language programming, enhance the perfor- 
mance of high level language implementations, and re- 
duce object code sizes for the 80186. These new 
instructions are also included in the 80286. A complete 
description of the architecture and instruction execution 
of the 80186 can be found in volume I of the 
iAPX86/186 users manual. The algorithms for the new 
instructions are also given in appendix H of this note. 


16 BITS 

16 BITS 


SEGMENT VALUE 


+ 


OFFSET 


PHYSICAL ADDRESS 


20 BITS 


Figure 2. Physical Address Generation in the 80186 
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2.3 DMA Unit 

The 80186 includes a DMA unit which provides two 
high speed DMA channels. This DMA unit will perform 
transfers to or from any combination of I/O space and 
memory space in either byte or word units. Every DMA 
cycle requires two to four bus cycles, one or two to fetch 
the data to an internal register, and one or two to deposit 
the data. This allows word data to be located on odd 
boundaries, or byte data to be moved from odd locations 
to even locations. This is normally difficult, since odd 
data bytes are transferred on the upper 8 data bits of the 
16-bit data bus, while even data bytes are transferred on 
the lower 8 data bits of the data bus. 

Each DMA channel maintains independent 20-bit 
source and destination pointers which are used to access 
the source and destination of the data transferred. Each 
of these pointers may independently address either I/O 
or memory space. After each DMA cycle, the pointers 
may be independently incremented, decremented, or 
maintained constant. Each DMA channel also * main- 
tains a transfer count which may be used to terminate a 
series of DMA transfers after a pre-programmed num- 
ber of transfers. 

2.4 Timers 

The 80186 includes a timer unit which contains 3 inde- 
pendent 16-bit timer/counters. Two of these timers can 
be used to count external events, to provide waveforms 
derived from either the CPU clock or an external clock 
of any duty cycle, or to interrupt th'e CPU after a speci- 
fied number of timer “events.” The third timer counts 
only CPU clocks and can be used to interrupt the CPU 
after a programmable number of CPU clocks, to give a 
count pulse to either or both of the other two timers after 
a programmable number of CPU clocks, or to give a 
DMA request pulse tq the integrated DMA unit after a 
programmable number of CPU clocks. 

2.5 Interrupt Controller 

The 80186 includes an interrupt controller. This control- 
ler arbitrates interrupt requests between all internal and 
external sources. It can be directly cascaded as the mas- 
ter to two external 8259A interrupt controllers. In addi- 
tion, it can be configured as a slave controller to an 
external interrupt controller to allow complete compati- 
bility with an 80130, 80150, and the iRMX® 86 operat- 
ing system. 

2.6 Clock Generator 

The 80186 includes a clock generator and crystal oscilla- 
tor. The crystal oscillator can be used with a parallel res- 
onant, fundamental mode crystal at 2X the desired CPU 
clock speed (i.e., 16 MHz for an 8 MHz 80186), or with 
an external oscillator also at 2X the CPU clock. The out- 
put of the oscillator is internally divided by two to pro- 
vide the 50% duty cycle CPU clock from which all 


80186 system timing derives. The CPU clock is external- 
ly available, and all timing parameters are referenced to 
this externally available signal. The clock generator also 
provides ready synchronization for the processor. 


2.7 Chip Select and Ready Generation Unit 

The 80186 includes integrated chip select logic which 
can be used to enable memory or peripheral devices. Six 
output lines are used for memory addressing and seven 
output lines are used for peripheral addressing. 

The memory chip select lines are split into 3 groups for 
separately addressing the major memory areas in a typi- 
cal 8086 system: upper memory for reset ROM, lower 
memory for interrupt vectors, and mid-range memory 
for program memory. The size of each of these regions is 
user programmable. The starting location and ending 
location of lower memory and upper memory are fixed 
at 00000H and FFFFFH respectively; the starting loca- 
tion of the mid-range memory is user programmable. 

Each of the seven peripheral select lines address one of 
seyen contiguous 128 byte blocks above a programmable 
base address. This base address can be located in either 
memory or I/O space in order that peripheral devices 
may be I/O or memory mapped. 

Each of the programmed chip select areas has associated 
with it a set of programmable ready bits. These ready 
bits control an integrated wait state generator. This al- 
lows a programmable number of wait states (0 to 3) to 
be automatically inserted whenever an access is made to 
the area of memory associated with the chip select area. 
In addition, each set of ready bits includes a bit which 
determines whether the external ready signals (ARDY 
and SRDY) will be used, or whether they will be ignored 
(i.e., the bus cycle will terminate even though a ready 
has not been returned on the external pins). There are 5 
total sets of ready bits which allow independent ready 
generation for each of upper memory, lower memory, 
mid-range memory, peripheral devices 0-3 and peripher- 
al devices 4-6. 


2.8 Integrated Peripheral Accessing 

The integrated peripheral and chip select circuitry is 
controlled by sets of 1 6-bit registers accessed using stan- 
dard input, output, or memory access instructions. 
These peripheral control registers are all located within 
a 256 byte block which can be placed in either memory 
or I/O space. Because they are accessed exactly as if 
they were external devices, no new instruction types are 
required to access and control the integrated peripher- 
als. For more information concerning the interfacing 
and accessing of the integrated 80186 peripherals not in- 
cluded in this note, please consult the 80186 data sheet, 
or volume II of the iAPX86/ 186 users manual. 

3-546 


210973-003 




AP-186 


inW' 


3. USING THE 80186 

3.1 Bus Interfacing to the 80186 

3.1.1 OVERVIEW 

The 80186 bus structure is very similar to the 8086 bus 
structure. It includes a multiplexed address/data bus, 
along with various control and status lines (see Table 1). 
Each bus cycle requires a minimum of 4 CPU clock cy- 
cles along with any number of wait states required to ac- 
commodate the speed access limitations of external 
memory or peripheral devices. The bus cycles initiated 
by the 80186 CPU are identical to the bus cycles initiat- 
ed by the 80186 integrated DMA unit. 

In the following discussion, all timing values given are 
for an 8 MHz 80186. Future speed selections of the part 
may have different values for the various parameters. 

Each clock cycle of the 80186 bus cycle is called a “T” 
state, and are numbered sequentially Tj, T 2 , T 3 , T w and 
T 4 . Additional idle T states (Tj) can occur between T 4 
and Tj when the processor requires no bus activity (in- 
struction fetches, memory writes, I/O reads, etc.). The 
ready signals control the number or wait states (T w ) in- 
serted in each bus cycle. This number can vary from 0 to 
positive infinity. 
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Figure 3. T-state in the 80186 


The beginning of a T state is signaled by a high to low 
transition of the CPU clock. Each T state is divided into 
two phases, phase 1 (or the low phase) and phase 2 (or 
the high phase) which occur during the low and high lev- 
els of the CPU clock respectively (see Figure 3). 

Different types of bus activity occur for all of the T- 
states (see Figure 4). Address generation information 
occurs during Tj, data generation during T 2 , T 3 , T w and 


Figure 4. Example Bus Cycle of the 80186 


Table 1. 80186 Bus Signals 


Function 

Signal Name 

address/data 

AD0-AD15 

address/status 

A16/S3-A19-S6,BHE/S7 

co-processor control 

TEST 

local bus arbitration 

HOLD,HLDA 

local bus control 

ALE,RD,WR,DT/R,DEN 

multi-master bus 

LOCK 

ready (wait) interface 

SRDY,ARDY 

status information 

S0-S2 
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T 4 . The beginning of a bus cycle is signaled by the status 
lines of the processor going from a passive state (all 
high) to an active state in the middle of the T-state im- 
mediately before (either a T 4 or a Tj). Because infor- 
mation concerning an impending bus cycle occurs 
during the T-state immediately before the first T-state of 
the cycle itself, two different types of T 4 and Tj can be 
generated: one where the T state is immediately fol- 
lowed by a bus cycle, and one where the T state is imme- 
diacy followed by an idle T state. 

During the first type of T 4 or T } , status information con- 
cerning the impending bus cycle is generated for the bus 
cycle immediately to follow. This information will be 
available no later than t CHSV (55ns) after the low-to- 
high transition of the 80186 clock in the middle of the T 
state. During the second type of T 4 or Tj the status out- 
puts remain inactive (high), since no bus cycle is to be 
started. This means that the decision per the nature of a 
T 4 or Tj state (i.e., whether it is immediately followed by 
a T, or a Tj) is decided at the beginning of the T-state 
immediately preceding the T 4 or Tj (see Figure 5). This 
has consequences for the bus latency time (see section 
3.3.2 on bus latency). 


3.1.2 PHYSICAL ADDRESS GENERATION 

Physical addresses are generated by the 80186 during 
of a bus cycle. Since the address and data lines are mul- 
tiplexed on the same set of pins, addresses must be 


latched during Tj if they are required to remain stable 
for the duration of the bus cycle. To facilitate latching of 
the physical address, the 80186 generates an active high 
ALE (Address Latch Enable) signal which can be di- 
rectly connected to a transparent latch’s strobe input. 

Figure 6 illustrates the physical address generation pa- 
rameters of the 80186. Addresses are guaranteed valid 
no greater then t CLAV (44ns) after the beginning of Tj, 
and remain valid at least t CLAX (10ns) after the end of 
T { . The ALE signal is driven high in the middle of the T 
state (either T 4 or Tj) immediately preceding Tj and is 
driven low in the middle of Tj, no sooner than t AVAL (30 
ns) after addresses become valid. This parameter 
(Uval) is required to satisfy the address latch set-up 
times of address valid until strobe inactive. Addresses 
remain stable on the address/data bus at least t L LAx(30 
ns) after ALE goes inactive to satisfy address latch hold 
times of strobe inactive to address invalid. 

Because ALE goes high long before addresses become 
valid, the delay through the address latches will be chief- 
ly the propagation delay through the latch rather than 
the delay from the latch strobe, which is typically longer 
than the propagation delay. For the Intel 8282 latch, this 
parameter is t IVOV , the input valid to output validtlelay 
when strobe is held active (high). Note that the 80186 
drives ALE high one full clock phase earlier than the 
8086 or the 8288 bus controller, and keeps it high 
throughout the 8086 or 8288 ALE high time (i.e., the 
80186 ALE pulse is wider). 



Figure 5. Active-Inactive Status Transitions in the 80186 
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NOTES: 

1 • t CHLH : Clock high to ALE high =35 ns max 

2. tc LAV : Clock low to address valid =44 ns max 

3. t CHLL : Clock high to ALE low =35 ns max 

4. t CLAX : Clock low to address invalid (address hold from clock low)=10 ns 

min 

5. t LLAX : ALE low to address invalid (address hold from ALE) =30 ns min 

6. t AVAL : Address valid to ALE low (address setup to ALE)=30 ns min 


Figure 6. Address Generation Timing of the 80186 > 


A typical circuit for latching physical addresses is shown 
in Figure 7. This circuit uses 3 8282 transparent octal 
non-inverting latches to demultiplex all 20 address bits 
provided by the 80186. Typically, the upper 4 address 
bits are used only to select among various memory com- 
ponents or subsystems, so when the integrated chip se- 


lects (see section 8) are used, these upper bits need not 
be latched. The worst case address generation time from 
the beginning of Tj (including address latch propaga- 
tion time (tjvov) °f the Intel 8282) for the circuit is: 

tcLAv (44ns) + tj V Qv (30ns) = 74ns 



Figure 7. Demultiplexing the Address Bus of the 80186 
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Many memory or peripheral devices may not require ad- 
dresses to remain stable throughout a data transfer. Ex- 
amples of these are the 80130 and 80150 operating 
system firmware chips, and the 2186 8K x 8 iRAM. If a 
system is constructed wholly with these types of devices, 
addresses need not be latched. In addition, two of the pe- 
, ripheral chip select outputs of the 80186 may be config- 
ured to provide latched A1 and A2 outputs for 
peripheral register selects in a system which does not de- 
multiplex the address/data bus. 

One mor e sign al is generated by the 80186 to address 
memory: BHE (Bus High Enable). This signal, along 
with A0, is used to enable byte devices connected to ei- 
ther or both halves (bytes) of the 16-bit data bus (see 
section 3. 1 .3 on data bus operation section). Because A0 
is used only to enable devices onto the lower half of the 
data bus, memory chip address inputs are usually driven 
by address bits A1-A19, NOT A0-A19. This provides 
512K unique word addresses, or 1M unique BYTE 
addresses. 

Of course, BHE is not present on the 8 bit 80188. All 
data transfers occur on the 8 bits of the data bus. 

3.1.3 80186 DATA BUS OPERATION 

Throughout T 2 , T 3 , T^ and T 4 of a bus cycle the multi- 
plexed address/data bus becomes a 16-bit data bus. 
Data transfers on this bus may be either in bytes or in 
words. All memory is byte addressable, that is, the upper 
and lower byte of a 16-bit word each have a unique byte 
address by which they may be individually accessed, 
even though they share a common word address (see 
Figure 3-6). 

All bytes with even addresses (A0 = 0) reside on the 
lower 8 bits of the data bus, while all bytes with odd ad- 
dresses (A0 = 1 ) reside on the upper 8 bits of the data 
bus. Whenever a n acc ess is made to only the even byte, 
A0 is driven low, BHE is driven high, and the data trans- 
fer occurs on D0-D7 of the data bus. Whenever an ac- 


cess is made to only the odd byte, BHE is driven low, A0 
is driven high, and the data transfer occurs on D8-D15 
of the data bus. Finally, if a wo rd acc ess is performed to 
an even address, both A0 and BHE are driven low and 
the data transfer occurs on D0-D15. 

Word accesses are made to the addressed byte and to the 
next higher numbered byte. If a word access is per- 
formed to an odd address, two byte accesses must be per- 
formed, the first to access the odd byte at the first word 
address on D8-D15, the second to access the even byte 
at the next sequential word address on D0-D7. For ex- 
ample, in Figure 8, byte 0 and byte 1 can be individually 
accessed (read or written) in two separate bus cycles 
(byte accesses) to byte addresses 0 and 1 at word address 
0. They may also be accessed together in a single bus cy- 
cle (word access) to word address 0. However, if a word 
access is made to address 1, two bus cycles will be re- 
quired, the first to access byte 1 at word address 0 (note 
byte 0 will not be accessed), and the second to access 
byte 2 at word address 2 (note byte 3 will not be ac- 
cessed). This is why all word data should be located at 
even addresses to maximize processor performance. 

When byte reads are made, the data returned on the half 
of the data bus not being accessed is ignored. When byte 
writes are made, the data driven on the half of the data 
bus not being written is indeterminate. 

3.1.4 80188 DATA BUS OPERATION 

Because the 80188 externally has only an 8 bit data bus, 
the above discussion about upper and lower bytes of the 
data bus does not apply to the 80188. No performance 
improvement will occur if word data is placed on even 
boundaries in memory space. All word accesses require 
two bus cycles, the first to access the lower byte of the 
word; the second to access the upper byte of the word. 

Any 80188 access to the integrated peripherals must be 
done 1 6 bits at a time: thus in this special case, a word 
access will occur in a single bus cycle in the 80188. The 
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Figure 8. Physical Memory Byte/ Word Addressing in the 80186 
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external data bus will record only a single byte being 
transferred, however. 


3.1.5 GENERAL DATA BUS OPERATION 

Because of the bus drive capabilities of the 80186 
(200pF, sinking 2mA, sourcing 400uA, roughly twice 
that of the 8086), this bus may not require additional 
buffering in many small systems. If data buffers are not 
used in the system, care should be taken not to allow bus 
contention between the 80186 and the devices directly 
connected to the 80186 data bus. Since the 80186 floats 
the address/data bus before activating any command 
lines, the only requirement on a directly connected de- 
vice is that it floats its output drivers after a read BE- 
FORE the 80186 begins to drive address information for 
the next bus cycle. T he p arameter of interest here is the 
minimum time from RD inactive until addresses active 
for the next bus cycle (t RHAV ) which has a minimum val- 
ue of 85ns. If the memory or peripheral device cannot 
disable its output drivers in this time, data buffers will 
be required to prevent both the 80186 and the peripheral 
or memory device from driving these lines concurrently. 
Note, this parameter is unaffected by the addition of 
wait states. Data buffers solve this problem because 
their output float times are typically much faster than 
the 80186 required minimum. 

If buffers are required, the 80186 provides a DEN (Data 
ENable) and DT/R (Data Trans mit/R eceive) signals 
to simplify buffer interfacing. The DEN and DT /R sig- 


nals are activated during all bus cycles, whethe r or not 
the cycle addresses buffered devices. The DEN signal is 
driven low whenever the processor is either ready to re- 
ceive data (during a read) or when the processor is ready 
to send data (during a write) (that is, any time during an 
active bus cycle when address infprmation is not being 
gen erated on the address/data pins). In most systems, 
the DEN signal should NOT be directly connected to 
the OE input of buffers, since unbuffered devices (or 
other buffers) may be dir ectly c onnected to the proces- 
sor’s address/data pins. If DEN were directly connected 
to several buffers, contention would occur during read 
cycles, as many devices attempt to drive the processor 
bus. Rather, it should be a factor (along with the chip se- 
lects for buffered devices) in generating the output en- 
able input of a bi-directional buffer. 

The DT /R signal determines the direction of data prop- 
agation through the bi- directional bus buffers. It is high 
whenever data is being driven out from the processor, 
and is low whenev er data is being read into the processor. 
Unlike the DEN signal, it may be directly connected to 
bus buffers, since this signal does not usually directly en- 
able the output drivers of the buffer. An example data 
bus subsystem supporting both buffered and unbuffered 
devices is shown in Figure 9. Note that the A side of the 
8286 buffer is connected to the 80186, the B side to the 
external device. The B side of the buffer has greater 
drive capacity than the A side (since it is meant to drive 
much greater loads). The DT/R signal can directly 
drive the T (transmit) signal of the buffer, since it has 
the correct polarity for this configuration. 



Figure 9. Example 80186 Buffered/Unbuffered Data Bus 
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1. t CLA z : Clock low until address float =35 ns max 

2. t CLRL : Clock low until RD active = 70 ns max 

3. t AZRL : Address float until RD active = 0 ns min 

4. t DVCL : Data valid until clock low (data input set-up time) = 20 ns.min* 

5. t CLDX : Clock low until data invalid (data input hold time from clock) = 10 

ns min* 

6. t CLRH : Clock low until RD high = 10 ns min 

7. t RHAV : RD high until addresses valid = 85 ns min 

8. t RHDX : Read high until data invalid (data input hold from RD) = 0. ns min* 
* Input requirements of 80186, all others are output characteristics 


Figure 10. Read Cycle Timing of the 80186 


3.1.6 CONTROL SIGNALS 

The 80186 dire ctly pr ovides the control signals RD, 
WR, LOCK and TEST. In addition, the 80186 provides 
the status signals S0-S2 and S6 from which all other re- 
quired bus control signals can be generated. 

3. 1.6.1 RD and WR 

The RD and WR signa ls strobe data to or from memory 
or I/O space. The RD signal is driven low off the begin- 
ning of T 2 , and is driven high off the beginning ofT^dur- 
ing all memory and I/O reads (see Figure 10). RD will 
not become active until the 80186 has ceased driving ad- 
dress information on the address/data bus. Dat a is sam- 
pled into the processor at the beginning of T 4 . RD will 
not go inactive until the processor’s data hold time 
(10ns) has been satisfied. 


Note that the 80186 does not provide separate I/O and 
memory RD signals. If separate I/O read and memory 
read signals are required, they can be synthesized using 
the S2 signal (which is low for all I/O operations and 
high for all memory operations) and the RD signal (see 
Figure 1 1J^ It should be noted that if this approach is 
used, the S2 signal will require latching, since the S2 sig- 
nal (like SO and SI) goes to a passive state well before 
the beginning of T 4 (where RD goes inactive). If S2 was 
directly used for this purpose, the type of read command 
(1/ O or memory) could change just before T 4 as S2 goes 
to the passive state (high). The status signals may be 
latched using ALE in an identical fashion as is used to 
latch the address signals (often using the spare bits in 
the address latches). 

Often the lack of a seperate I/O and memory RD signal 



I/O 

READ 


MEMORY 

READ 


Figure 11. Generating I/O and Memory Read Signals from the 80186 
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is not important in an 80186 system. Each of the 80186 
chip select signals will respond on only one of memory or 
I/O accesses (the memory chip selects respond only to 
accesses memory space; the peripheral chip selects can 
respond to accesses in either I/O or memory space, at 
programmer option). Thus, the chip select signal en- 
ables the external device only during accesses to the 
proper address in the proper space. 

The WR signal is also driven low off the beginning of T, 
and driv en hig h off the beginning of T 4 . Like the RD sig- 
nal, the WR signal is active for all memory and I/O 
writes, and also like the RD signal, separate I/O and 
memory writes may be ge nerated using the latched S2 
signal along with the WR signal (see Figure 12). More 


importantly, how ever, is the active going edge of write. 
At the time WR makes its active (high to low) transi- 
tion, valid write data is NOT present on the data bus. 
This has consequences when using this signal as a write 
enable signal for DRAMs and iRAMs since both of 
these devices require that the write data be stable on the 
dat a bus at the time of the inactive to active transition of 
the WE signal. In DRAM applications, this problem is 
solved by a DRAM controller (such as the Intel 8207 or 
8203) r while with iRAMs this problem may be solved by 
placing cross-coupled NAN D gates between the CPU 
and the iRAMs on the WR line (see Figu re 13). This 
will delay the active going edge of the WR signal to the 
iRAMs by a clock phase, allowing valid data to be driv- 
en onto the data bus. 


"1*2 I "^3 | t 4 | 



1. t CLDV : Clock low until data valid = 44 ns max 

2. t CVCTV : Clock low until WR active - 70 ns max 

3. t CVCTX : Clock low until WR inactive = 55 ns max 

4. t CLDOX : Clock high until data invalid = 10 ns max 

5. WR inactive until data invalid = t CLCL mm — t CVCTX + t CLDO x 

= 125 — 55 + 10 
= 80 ns 


Figure 12. Write Cycle Timing of the 80186 



Figure 13. Synthesizing Delayed Write from the 80186 
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3.1. 6.2 Queue Status Signals 

If the RD line is externally grounded during reset and 
remains grounded during processor operation, the 
80186 will ent er “queue status” mode. When in this 
mode, the WR and ALE signals Jbecome queue status 
outputs, reflecting the status of the internal prefetch 
queue during each clock cycle. These signals are pro- 
vided to allow a processor extension (such as the Intel 
8087 floating point processor) to track execution of in- 
structions within the 8 0186. The interpretation of QSO 
(ALE) and QS1 (WR) are given in Table 2. These sig- 
nals change on the high-to-low clock transition, one 
clock phase earlier than on the 8086. Note that since ex- 
ecution unit operation is independent of bus interface 
unit operation, queue status lines may change in any T 
state. 


Table 2. 80186 Queue Status 


QS1 

QSO 

Interpretation 

0 

0 

no operation 

0 

1 

first byte of instruction taken 
from queue 

1 

0 

queue was reinitialized 

1 

1 

subsequent byte of instruction 
taken from queue 


Since the ALE, RD, and WR signals are not directly 
available from the 80186 when it is configured in queue 
status mode, these signals must be derived from the sta- 
tus lines S0-S2 using an external 8288 bus controller 
(see below). To prevent the 80186 from ac cide ntally en- 
tering queue status mode during reset, the R D line is in- 
ternally provided with a weak pullup device. RD is the 
ONLY three-state or input pin on the 80186 which is 
supplied with a pullup or pulldown device. 

3.1. 6.3 Status Lines 

The 80186 provides 3 status outputs which are used to 
indicate the type of bus cycle currently being executed. 
These signals go from an inactive state (all high) to one 
of seven possible active states during the T state immedi- 
ately preceding Tj of a bus cycle (see Figure 5). The pos- 
sible status line encodings and their interpretations are 
given in Table 3. The status lines are driven to their inac- 
tive state in the T state (T 3 or T w ) immediately preced- 
ing T 4 of the current bus cycle. 

The status lines may be directly connected to an 8288 
bus controller, which can be used to provide local bus 
control signals or multi-bus control signals (see Figure 
14). Use of the 8288 bus con troller doe s not preclude the 
use of the 80186 generated RD, WR and ALE signals, 
however. The 80186 directly generated signals may be 
used to provide local bus control signals, while an 8288 is 
used to provide multi-bus control signals, for example. 



Figure 14. 80186/8288 Bus Controller 
Interconnection 


Table 3. 80186 Status Line Interpretation 


S2 

SI 

so 

Operation 

0 

0 

0 

interrupt acknowledge 

0 

0 

1 

read I/O 

0 

1 

0 

write I/O 

0 

1 

1 

halt 

1 

0 

0 

instruction fetch 

1 

0 

1 

read memory 

1 

1 

0 

write memory 

1 

1 

1 

passive 


The 80186 provides two a dditio nal status signals: S6 
and S7. S7 is equivalent to B HE (se e sectio n 3.1.2) and 
appears on the same pin as BHE. BHE/S7 changes 
state, reflecting the bus cycle about to be run, in the mid- 
dle of the T state (T 4 or Tj) im media tely preceding Tj of 
the bus cycle. This means that BHE/S7 does n ot nee d to 
be latched, i.e., it may be used directly as the BHE sig- 
nal. S6 provides information concerning the unit gener- 
ating the bus cycle. It is time multiplexed with A 19, and 
is available during T 2 , T 3 , T 4 and T w . In the 8086 family, 
all central processors (e.g., the 8086, 8088 and 8087) 
drive this line low, while all I/O processors (e.g., 8089) 
drive this line high during their respective bus cycles. 
Following this scheme, the 80186 drives this line low 
whenever the bus cycle is generated by the 80186 CPU, 
but drives it high when the bus cycle is generated by the 
integrated 80186 DMA unit. This allows external de- 
vices to distinguish between bus cycles fetching data for 
the CPU from those transfering data for the DMA unit. 

Three other status signals are available on the 8086 but 
not on the 80186. They are S3, S4, and S5. Taken to- 
gether, S3 and S4 indicate the segment register from 
which the current physical address derives. S5 indicates 
the state of the interrupt flip-flop. On the 80186, these 
signals will ALWAYS be low. 


3.1. 6.4 TEST and LOCK 

Finally, the 80186 provides a TEST input and a LOCK 
output. The TEST input is used in conjunction with the 
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processor WAIT instruction. It is typically driven by a 
processor extension (like the 8087) to indicate whether 
it is busy. Then, by executing the WAIT (or FWAIT) in- 
struction, the central processor may be forced to tempo- 
rarily suspend program execution until the pr ocessor 
extension indicates that it is idle by driving the TEST 
line low. 

The LOCK output is driven low whenever the data cy- 
cles of a LOCKED instruction are executed. A 
LOCKED instruction is generated whenever the LOCK 
prefix occurs immediately before an instruction. The 
LOCK prefix is active for the single instruction immedi- 
ately following the LOCK prefix. This signal is used to 
indicate to a bus arbiter (e.g., the 8289) that a series of 
locked data transfers is occurring. The bus arbiter 
should under no circumstances release the bus while 
locked transfers are occurring. The 80186 will not rec- 
ognize a bus HOLD, nor will it allow DMA cycles to be 
run by the integrated DMA controller during locked 
data transfers. LOCKED transfers are used in multi- 
processor systems to access memory based semaphore 
variables which control access to shared system re- 
sources (see AP-106, “Multiprogramming with the 
iAPX88 and iAPX86 Microsystems,” by George Alexy 
(Sept. 1980)). 

On the 80186, the LOCK signal will go active during Tj 
of the first DATA cycle of the locked transfer. It is driv- 
en inactive 3 T-states after the beginning of the last 
DATA cycle of the locked transfer. On the 8086, the 
LOCK signal is activated immediately after the LOCK 
prefix is executed. The LOCK prefix may be executed 
well before the processor is prepared to perform the 
locked data transfer. Th is has t he unfortunate conse- 
quence of activating the LOCK signal b efore th e first 
LOCKED data cycle is performed. Since LOCK is ac- 
tive before the processor requires the bus for the data 
transfer, opcode pre-fetching can be LOC KED. H owev- 
er, since the 80186 does not activate the LOCK signal 
until the processor is ready to actually perform the 
locked transfer, locked pre-fetching will not occur with 
the 80186. 

Note that the LOCK signal does not remain active until 
the ehd of the last data cycle of the locked transfer. This 
may cause problems in some systems if, for example, the 
processor requests memory access from a dual ported 
RAM array and is denied immediate access (because of 
a DRAM refresh cycle, for example). When the proces- 
sor finally is able to gain ac cess to t he RAM array, it 
may have already dropped its LOCK signal, thus allow- 
ing the dual port controller to give the other port access 
to the RAM array instead . An example circuit which 
can be used to hold LOCK active until a RDY has been 
received by the 80186 is shown in Figure 15. 

. 3.1.7 HALT TIMING 

A HALT bus cycle is used to signal the world that the 


80186 CPU has executed a HLT instruction. It differs 
from a normal bus cycle in two important ways. 



Figure 15. Circuit Holding Lock Active Until 
Rqady is Returned 


The first way in which a HALT bus cycle differs from a 
normal bus cycle is that since the processor is enter ing a 
halted state, none of the control lines (RD or WR) will 
be driven active. Address and data information will not 
be driven by the processor, and no data will be returned. 
The second way a HALT bus cycle differs from a normal 
bus cycle is that the S0-S2 status lines go to their passive 
state (all high) during T 2 of the bus cycle, well before 
they go to their passive state during a normal bus cycle. 

Like a normal bus cycle, however, ALE is driven active. 
Since no valid address information is present, the infor- 
mation strobed into the address latches should be ig- 
nored. This ALE pulse can_be used, however, to latch the 
HALT status from the S0-S2 status lines. 

The processor being halted does not interfere with the 
operation of any of the 80186 integrated peripheral 
units. This means that if a DMA transfer is pending 
while the processor is halted, the bus cycles associated 
with the DMA transfer will run. In fact, DMA latency 
time will improve while the processor is halted because 
the DMA unit will not be contending with the processor 
for access to the 80186 bus (see section 4.4.1). 

3.1.8 8288 AND 8289 INTERFACING 

The 8288 and 8289 are the bus controller and multi- 
master bus arbitration devices used with the 8086 and 
8088. Because the 80186 bus is similar to the 8086 bus, 
they can be directly used with the 80186. Figure 16 
shows an 80186 interconnection to these two devices. 

The 8288 bus contr oller g enerates control signals (RD, 
WR, ALE, DT /R, DEN, etc.) for an 8086 maximum 
mode system. It derives its information by decoding sta- 
tus lines S0-S2 of the processor. Because the 80186 and 
the 8086 drive the same status information on these 
lines, the 80186 can be directly connected to the 8288 
just as in an 8086 system. Using the 8288 with the 80186 
does not prevent using the 80186 control signals directly. 
Many systems require both local bus control signals and 
system bus control signals. In this type of system, the 
80186 lines could be used as the local signals, with the 
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Figure 16. 80186/8288/8289 Interconnection 


8288 lines used as the system signals. Note that in an 
80186 system, the 8288 generated ALE pulse occurs lat- 
er than that of the 80186 itself. In many multimaster 
bus systems, the 8288 ALE pulse should be used to 
strobe the addresses into the system bus address latches 
to insure that the address hold times are met. 

The 8289 bus arbiter arbitrates the use of a multi-mas- 
ter system bus among various devices each of which can 
become the bus master. This component also decodes 
status lines S0-S2 of the processor directly to determine 
when the system bus is required. When the system bus is 
required, the 8289 forces the processor to wait until it 


has acquired control of the bus, then it allows the proces- 
sor to drive address, data and control information onto 
the system bus. The system determines when it requires 
system bus resources by an address decode. Whenever 
the address being driven coincides with the address of an 
on-board resource, the system bus is not required and 
thus will not be requested. The circuit shown factors the 
80186 chip select lines to determine when the system bus 
should be requested, or when the 80186 request can be 
satisfied using a local resource. 

3.1.9 READY INTERFACING 

The 80186 provides two ready lines, a synchronous 
ready (SRDY) line and an asynchronous ready 
(ARDY) line. These lines signal the processor to insert 
wait states (T w ) into a CPU bus cycle. This allows slower 
devices to respond to CPU service requests (reads or 
writes). Wait states will only be inserted when both 
ARDY and SRDY are low, i.e., only one of ARDY or 
SRDY need be active to terminate a bus cycle. Any 
number of wait states may be inserted into a bus cycle. 
The 80186 will ignore the RDY inputs during any ac- 
cesses to the integrated peripheral registers, and to any 
area where the chip select ready bits indicate that the 
external ready should be ignored. 

The timing required by the two RDY lines is different. 
The ARDY line is meant to be used with asynchronous 
ready inputs. Thus, inputs to this line will be internally 
synchronized to the CPU clock before being presented to 
the processor. The synchronization circuitry used with 
the ARDY line is shown in Figure 17. Figure 18A and 
1 8B show valid and invalid transitions of the ARDY line 
(and subsequent wait state insertion). The first flip-flop 
is used to “resolve” the asynchronous transition of the 
ARDY line. It will achieve a definite level (either high 
or low) before its output is latched into the second flip- 



FROM SYNCHRONOUS 
READY 


1 . Asynchronous Resolution Flip Flop 

2. Ready Latch Flip Flop 

NOTE: The second flip-flop is not actually in the circuit. It is drawn here only 
to show the functional equivalent of the interface to the BIU. 


Figure 17. Asynchronous Ready Circuitry of the 80186 
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flop for presentation to the CPU. When latched high, it 
allows the l^vel present on the ARDY line to pass direct- 
ly to the CPU; when latched low, it forces not ready to be 
presented to the CPU (see Appendix B for 80186 syn- 
chronizer information). 

With this scheme, notice that only the active going edge 
of the ARDY signal is synchronized. Once the synchro- 
nization flip-flop has sampled high, the ARDY input di- 
rectly drives the RDY flip-flop. Since inputs to this 
RDY flip-flop must satisfy certain setup and hold times, 
it is important that these setup and hold times (t ARYLCL 
= 35ns and t CHARY x = 15 ns respectively) be satisfied 


by any inactive going transition of the ARDY line. The 
reason ARDY is implemented in this manner is to allow 
a slow device the greatest amount of time to respond 
with a not ready after it has been selected. In a normally 
ready system, a slow device must respond with a not 
ready quickly after it has been selected to prevent the 
processor from continuing and accessing invalid data 
from the slow device. By implementing ARDY in the 
above fashion, the slow device has an additional clock 
phase to respond with a not ready. 

If RDY is sampled active into the RDY flip-flop at the 
beginning of T 3 or T w (meaning that ARDY was sam- 


CLOCK 

OUT 

ARDY 


T I T I T I T 

*2 | 1 3 | 1 W | 1 


~ 1_ ®— r V _L - l_ 


1 . No set-up or hold times required 

2. tciARYX’ Clock low to ARDY inactive (ARDY active hold time) = 15 ns min 



1 . t ARYHCH : ARDY valid until clock high (ARDY inactive set-up time to clock 

high) = 20 ns min 

2. No set-up or hold time required ONLY if <D is guaranteed 

3. t CLARYX : Clock low to ARDY inactive (ARDY active hold time) = 15 ns min 



1 . t ARYLCL : ARDY low to clock low (ARDY inactive set-up time to clock low) = 

35 ns min 

must be satisfied since synchronizing FLIP-FLOP has sampled 
active 

2. t ARYHCH : ARDY high to clock high (ARDY active set-up time) = 20 ns min 

must be satisfied ONLY to guarantee recognition at the next clock 
(i.e. to guarantee synchronizing FLIP-FLOP will sample ARDY 
active) 

3. t CLARYX : Clock low to ARDY inactive (ARDY active hold time) = 15 ns 


Figure 18A. Valid ARDY Transitions 
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Figure 18B. Invalid ARDY Transitions 


pled high into the synchronization flip-flop in the middle 
of k T state, and has remained high until the beginning 
of the next T state), that T state will be immediately fol- 
lowed by T 4 . If RDY is sampled low into the RDY flip- 
flop at the beginning of T 3 or T w (meaning that either 
ARDY was sampled low into the synchronization flip- 
flop OR that ARDY was sampled high into the synchro- 
nization flip-flop, but has subsequently changed to low 
before the ARDY setup time) that T state will be imme- 
diately followed by a wait state (T w ). Any asynchronous 
transition on the ARDY line not occurring during the 
above times, that is, when the processor is not “looking 
at” the ready lines, will not cause CPU malfunction. 


Again, for ARDY to force wait states to be inserted, 
SRDY must be driven low, since they are internally 
ORed together to form the processor RDY signal. 

The synchronous ready (SRDY) line requires that ALL 
transitions on this line during T 2 , T 3 or T w satisfy a cer- 
tain setup and hold time (t SRY cL = 35 ns and t CLSRY = 
15 ns respectively). If these requirements are not met, 
the CPU will not function properly. Valid transitions on 
this line, and subsequent wait state insertion is shown in 
Figure 19. The processor looks at this line at the begin- 
ning of each T 3 and T w . If the line is sampled active at 
the beginning of either of these two cycles, that cycle will 



SRDY 


1 . Decision: Not ready, T-state will be followed by a wait state 

2. Decision: Ready, T-state will not be followed by a wait state 

3. t SRYCL : Synchronous ready stable until clock low (SRDY set-up 

time) = 35 ns min 

4- *CLSRY : 

Clock low until synchronous ready transition (SRDY hold time) = 
15 ns min 


Figure 19. Valid SRDY transitions on the 80186 
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be immediately followed by T 4 . On the other hand, if the 
line is sampled inactive at the beginning of either of 
these two cycles, that cycle will be followed by a T w . Any 
asynchronous transition on the SRDY line not occurring 
at the beginning of T 3 or that is, when the processor 

is not “looking at” the ready lines will not cause CPU 
malfunction. 

3.1.10 BUS PERFORMANCE ISSUES 

Bus cycles occur sequentially, but do not necessarily 
come immediately one after another, that is the bus may 
remain idle for several T states (Tj) between each bus 
access initiated by the 80186. This occurs whenever the 
80186 internal queue is full and no read/ write cycles are 
being requested by the execution unit or integrated 
DMA unit. The reader should recall that a separate 
unit, the bus interface unit, fetches opcodes (including 
immediate data) from memory, while the execution unit 
actually executes the pre-fetched instructions. The num- 
ber of clock cycles required to execute an 80186 instruc- 
tion vary from 2 clock cycles for a register to register 
move to 67 clock cycles for an integer divide. 

If a program contains many long instructions, program 
execution will be CPU limited, that is, the instruction 
queue will be constantly filled. Thus, the execution unit 
does not need to wait for an instruction to be fetched. If a 
program contains mainly short instructions or data 
move instructions, the execution will be bus limited. 
Here, the execution unit will be required to wait often 
for an instruction to be fetched before it continues its op- 
eration. Programs illustrating this effect and perfor- 
mance degradation of each with the addition of wait 
states are given in appendix G. 

All instruction fetches are word (16-bit) fetches from 
even addresses unless the fetch occurs as a result of a 
jump to an odd location. This maximizes the utilization 


of each bus cycle used for instruction fetching, since 
each fetch will access two bytes of information. It is also 
good programming practice to locate all word data at 
even locations, so that both bytes of the word may be ac- 
cessed in a single bus cycle (see discussion on data bus 
interfacing for further information, section 3.1.3 of this 
note). 

Although the amount of bus utilization, i.e., the percent- 
age of bus time used by the 80186 for instruction fetch- 
ing and execution required for top performance will vary 
considerably from one program to another, a typical in- 
struction mix on the 80186 will require greater bus utili- 
zation than the 8086. This is caused by the higher 
performance execution unit requiring instructions from 
the prefetch queue at a greater rate. This also means 
that the effect of wait states is more pronounced in an 
80186 system than in an 8086 system. In all but a few 
cases, however, the performance degradation incurred 
by adding a wait state is less than might be expected be- 
cause instruction fetching and execution are performed 
by separate units. 

3.2 Example Memory Systems 

3.2.1 2764 INTERFACE 

With the above knowledge of the 80186 bus, various 
memory interfaces may be generated. One of the sim- 
plest of these is the example EPROM interface shown in 
Figure 20. 

The addresses are latched using the address generation 
circuit shown earlier. Note that the A0 line of each 
EPROM is connected to the A1 address line from the 
80186, NOT the A0 line. Remember, A0 only signals a 
data transfer on the lower 8 bits of the 16-bit data bus! 
The EPROM outputs are connected directly to t he ad- 
dress/data inputs of the 80186, and the 80 1 86 RD signal 
is used as the OE for the EPROMs. 



Figure 20. Example 2764/80186 Interface 
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The chip enable of the EPROM is driven directly by the 
chip select output of the 80186 (see section 8). In this 
configuration, the access time calculation for the 
EPROMs are: 
time from 

address: (3 + N)*t CLCL ~t CLAV “ Iivov(8282) — t DVCL 
= 375 + (N * 125) - 44 - 30 - 20 
= 281 + (N* 125) ns 
time from 

chip select: (3 + N)*t CLCL — t CLCSV — t DVCL 
= 375 + (N * 125) — 66 — 20 
= 289 + (N* 125) ns 
time from 

RD (OE): (2 + N)t CLCL - 

*CLRL tDVCL 

= 250 + (N * 125) - 70 - 20 
= 1 60 + *(N * 125) ns 

where: 

t CL AV = time from clock low in T j until addresses 
are valid 

tcLCL = clock period of processor 

tivov = time from input valid of 8282 until output 
valid of 8282 


tDVCL = t^6 data valid input setup time until clock 
low time of T 4 

teLesv “ time from clock low in Tj until chip selects 
v are valid 

tcLRL = time from clock low in T 2 until RD goes low 
N = number of wait states inserted 

Thus, for 0 wait state Operation, 250ns EPROMs must 
be used. The only significant parameter not included 
above is t RHAV , the time from RD inactive (high) until 
the 80186 begins driving address information. This pa- 
rameter is 85ns, which meets the 2764-25 (250ns speed 
selection) output float time of 85ns. If slower EPROMs 
are used, a discrete data buffer MUST be inserted be- 
tween the EPROM data lines and the address/data bus, 
since these devices may continue to drive data informa- 
tion on the multiplexed address/data bus when the 
80186 begins to drive address information for the next 
bus cycle. 

3.2.2 2186 INTERFACE 

An example interface between the 80186 and 2186 
iRAMs is shown in Figure 21 . This memory component 
is almost an ideal match with the 80186, because of its 
large integration, and its not requiring address latching. 



Figure 21. Example 2186/80186 Interface 
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The 2186 internally is a dynamic RAM integrated with 
refresh and control circuitry. It operates in two modes, 
pulse mode and late cycle mode. Pulse mode is entered if 
the CE signal is low to the device a maxi mum of 1 30ns, 
and requires the command input (RD or WE) to go ac- 
tive within 90ns after CE. Because of these require- 
ments, interfacing the 80186 to the 2186 in pulse mode 
would be difficult. Instead, the late cycle mode is used. 
This affords a much simpler interface with no loss of 
performance. The iRAM automatically selects between 
these modes by the nature of the control signals. 

The 2186 is a leading edge triggered device. This means 
that address and data information are strobed into the 
device on the active going (high to low) trans ition of the 
command signal. This requires both CE and WR be de- 
layed until the address and data driven by the 80186 are 
guaranteed stable. Figure 21 shows a simple circuit 
which can Jbe used to perform this function. Note that 
ALE CANNOT be used to delay CE if addresses are not 
latched externally, because this would violate the ad- 
dress hold time required by the 2186 (30ns). 

Because the 2186s are RAMs, data bus enables (BHE 
and A0, see previous section) MUST be used to factor 
either the chip enables or write enables of the lower and 
upper bytes of the 16-bit RAM memory system. If this is 
not done, all memory writes, including single byte 
writes, will write to both the upper and lower bytes of the 
memory system. The example system shown uses BHE 
and A0 as factors to the 2186 CE. This may b e done, be- 
cause both of these signals (A0 and BHE) are valid 
when the address information is valid from the 80186. 

The 2186 requires a certain amount of recovery time be- 
tween its chip enable going inactive and its chip enable 
going active insure proper operation. For a “normal” cy- 
cle (a read or write), this time is t EHEL = 40ns. This 
means that the 80186 chip select lines will go inactive 
soon enough at the end of a bus cycle to provide the re- 
quired recovery time even if two consecutive accesses are 
made to the iRA Ms. If the 21 86 CE is asserted without a 
command signal (WE or OE), a “False Memory Cycle” 
(FMC) will be generated. Whenever a FMC is generat- 
ed, the recovery time is much longer; another memory 
cycle must not be initiated for 200ns. As a result, if the 
memory system will generate FMCs, CE must be taken 
a Way in the middle of the T state (T 3 or T w ) immediately 
preceding T 4 to insure two consecutive cycles to the 
iRAM will not violate this parameter. Status going pas- 
sive (all high) can be used for this purpose. These lines 
will all go high during the first phase of the next to last T 
state (either T 3 or T w ) of a bus cycle (see section 3.1.5). 

Finally, since it is a dynamic device, the 2186 requires 
refresh cycles to maintain data integrity. The circuitry 
to generate these refresh cycles is integrated within the 
2186. Because of this, the 2186 has a ready line which is 
used to suspend processor operation if a processor RAM 


access coincides with an internally generated refresh cy- 
cle. This is an open collector output, allowing many of 
them to be wire-OR’ed together, since more than one de- 
vice may be accessed at at time. These lines are also nor- 
mally ready, which means that they will be high 
whenever the 2186 is not being accessed, i.e., they will 
only be driven low if a processor request coincides with 
an internal refresh cycle. Thus, the ready lines from the 
iRAM must be factored into the 80186 RDY circuit 
only during accesses to the iRAM itself. Since the 2186 
refresh logic operates asynchronously to the 80186, this 
RDY line must be synchronized for proper operation 
with the 80186, either by the integrated ready synchro- 
nizer or by an external circuit. The example circuit uses 
the integrated synchronizer associated with the ARDY 
processor input. 

The ready lines of the 2186 are active unless a processor 
access coincides with an internal refresh cycle. These 
lines must go inactive soon enough after a cycle is re- 
quested to insert wait states into the data c ycle . The 
2186 will drive this line low within 50ns after CE is re- 
ceived, which is early enough to force the 80186 to insert 
wait states if they are required. The primary concern 
here is that the ARDY line be driven not active before 
its setup time in the middle of T 2 . This is required by the 
nature of the asynchronous ready synchronization cir- 
cuitry of the 80186. Since the RDY pulse of the 2186 
may be as narrow as 50ns,* if ready was returned after 
the first stage of the synchronizer, and subsequently 
changed state within the ready setup and hold time of 
the high to low going edge of the CPU clock at the end of 
T 2 , improper operation may occur (see section 3.1.6). 

The example interface shown has a zero wait state RAM 
read access time from CE of: 

3 * tcLCL ~ k:LCSv ~ (TTL delay) — t DVCL 
= 375 - 66 - 30 - 20 ns 
= 259 ns 

where: 

t CL cL = CPU clock cycle time 

t CL csv = time from clock low in T } until chip selects 
are valid 

t DVC L = 80186 data in setup time before clock low in 

t 4 

The data valid delay from OE active is less than 100ns, 
and is therefore not an access time limiter in thi s int er- 
face. Additionally, the 2186 data float time from RD in- 
active is less than the 85ns 80186 imposed maximum. 
The CE generation circuit shown in Figure 21 provides 
an address setup time of at least 11ns, and an address 
hold time of at least 35ns (assuming a maximum two 
level TTL delay of less than 30ns). 
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Write cycle address setup and hold times are identical to 
the read cycle times. The circuit shown provides at least 
1 Ins write data setup and 100ns data hold time from 
WE, easily meeting the 0ns setup and 40ns hold times 
required by the 2186. 

For more information concerning 2186 timing and in- 
terfacing, please consult the 2186 data sheet, or the ap- 
plication note AP-132, “Designing Memory Systems 
with the 8Kx8 iRAM” by John Fallin and William 
Righter (June 1982). 


3.2.3 8203 DRAM INTERFACE 

An example 8203/DRAM interface is shown in Figure 
22. The 8203 provides all required DRAM control sig- 
nals, address multiplexing, and refresh generation. In 
this circuit, the 8203 is configured to, interface with 64K 
DRAMs. 


All 8203 cycles are generated off control signals (RD 
and WR) provided by the 80186. These signals will not 
go active until T 2 of the bus cycle. In addition, since the 
8203 clock (generated by the internal crystal oscillator 
of the 8203) is asynchronous to the 80186 clock, all 
memory requests by the 80186 must be synchronized to 
the 8203 before the cycle will be run. To minimize this 
synchronization time, the 8203 should be used with the 
highest speed crystal that will maintain DRAM com- 
patibility. Even if a 25 MHz crystal is used (the maxi- 
mum allowed by the 8203) two wait states will be 
required by the example circuit when using 150ns 
DRAMs with an 8 MHz 80186, three wait states if 
200ns DRAMs are used (see timing analysis, Figure 
23). 

The entire RAM array controlled by the 8203 can be se- 
lected by one or a group of the 80186 provided chip se- 
lects. These chip selects can also be used to insert jthe 
wait states required by the interface. 


A0 


BHE 

WR 

MCS1 

MCS0 

A17-A1 

ARDY 


ADO* ADI 5 


RD 



Figure 22. Example 8203/DRAM/80186 Interface 
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I ^2 I ^3 I T w | T w I T 4 



1 . t CLEL : Clock low until read low = 70 ns max 

2. t CR : Command active until RAS = 150 ns max* 

3. t cc : Command active until CAS = 245 ns max* 

4. t CAC : Access time from CAS = 85 ns max 
5- t, sou : Input to output delay = 30 ns max 

6. t DVCL : Data valid to clock low (data in set up) = 20 ns min 

Total Access Time = 70 + 245 +85 +30 +20 = 450 ns (3.6 T-states) 


© & © are 186 specs 
© & © are 8203 specs 
© is a 2164A-15 spec 
© is on 8282 spec 

‘Assumes 25MHz 
8203 operation 


Figure 23. 8203/21 64A-1 5 Access Time Calculation 


Since the 8203 is operating asynchronously to the 
80186, the RDY output of the 8203 (used to suspend 
processor operation when a processor DRAM request 
coincides with a DRAM refresh cycle) must be synchro- 
nized to the 80186. The 80186 ARDY line is used to pro- 
vide the necessary ready synchronization. The 8203 
ready outputs operate in a normally not ready mode, 
that is, they are only driven active when an 8203 cycle is 
being executed, and a refresh cycle is not being run. This 
is fundamentally different than the normally ready 
mode use d by the 2186 iRAMs (see previous section). 
The 8203 SACK signal is presented to the 80186 only 
when t he DRAM is being accessed. Notice that the 
SACK output of the 8203 is used, rather than the 
XACK output. Since the 80186 will insert at least one 
full CPU clock cycle between the time RDY is sampled 
active, and th e time d ata must be present on the data 
bus, using the XACK signal would insert unnecessary 
additional wait states, since it does not indicate ready 
until valid data is available from the memory. 

For more information about 8203/DRAM interfacing 
and timing, please consult the 8203 data sheet, or 
AP97A, “Interfacing Dynamic RAM to iAPX86/88 


Systems Using the Intel 8202A and 8203” by Brad May 
(April 1982). 

3.2.4 8207 DRAM INTERFACE 

The 8207 advanced dual-port DRAM controller pro- 
vides a high performance DRAM memory interface 
specifically for 80186 or 80286 microcomputer systems. 
This controller provides all address multiplexing and 
DRAM refresh circuitry. In addition, it synchronizes 
and arbitrates memory requests from two different ports 
(e.g., an 80186 and a Multibus), allowing the two ports 
to share memory. Finally, the 8207 provides a simple in- 
terface to the 8206 error detection and correction chip. 

The simplest 8207 (and also the highest performance) 
interface is shown in Figure 24. This shows the 80186 
connected to an 8207 using the 8207 slow cycle, synchro- 
nous status interface. In this mode, the 8207 decodes the 
type of cycle to be run directly from the status lines of 
the 80186. In addition, since the 8207 CLOCKIN is 
driven by the CLOCKOUT of the 80186, any perfor- 
mance degradation caused by required memory request 
synchronization between the 80186 and the 8207 is not 
present. Finally, the entire memory array driven by the 
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8207 may be selected using one or a group of the 80186 
memory chip selects, as in the 8203 interface above. 


80186 


8207 1 

CLKOUT 


CLK 


SO 


WR 


_ 


RD 

PCTC - 

SI 



S2 


PCTL 


LMCS 


PE 




AACK | 

SRDY 

— <K 




Figure 24. 80186/8207/DRAM Interface 


The 8207 AACK signal may be used to generate a syn- 
chronous ready signal to the 80186 in the above inter- 
face. Since dynamic memory periodically requires 
refreshing, 80186 access cycles may occur simulta- 
neously with an 8207 generate d refres h cycle. When this 
occurs, the 8207 will hold the AACK line high until the 
processor initiated access is run (note, the sense of this 
line is reversed with respect to the 80186 SRDY input). 
This signal should be factored with the DRAM (8207) 
select input and used to drive the SRDY line of the 
80186. Remember that only one of SRDY and ARDY 
needs to be active for a bus cycle to be terminated. If 
asynchronous devices (e.g., a Multibus interface) are 
connected to the ARDY line with the 8207 connected to 
the SRDY line, care must be taken in design of the ready 
circuit such that only one of the RDY lines is driven ac- 
tive at a time to prevent premature termination of the 
bus cycle. 

3.3 HOLD/HLDA Interface 

The 80186 employs a HOLD/HLDA bus exchange pro- 
tocol. This protocol allows other asynchronous bus mas- 
ter devices (i.e., ones which drive address, data, and 
control information on the bus) to gain control of the bus 
to perform bus cycles (memory or I/O reads or writes). 

3.3.1 HOLD RESPONSE 

In the HOLD/HLDA protocol, a device requiring bus 
control (e.g., an external DMA device) raises the 
HOLD line. In response to this HOLD request, the 
80186 will raise its HLDA line after it has finished its 
current bus activity. When the external device is finished 
with the bus, it drops its bus HOLD request. The 80186 
responds by dropping its HLDA line and resuming bus 
operation. 


When the 80186 recognizes a bus hold by driving 
HLDA high, it will float many of its signals (see F igure 
25). ADO - AD15 (address/data 0-15) and DEN (data 
enable) are floated within t CLAZ (35ns) after the same 
clock edge that HLD A is driven a ctive. A16-A19 (ad- 
dress__l 6 - 19), RD, WR, BH E (Bus_High Enable), 
DT /R (Data Transmit/Receive) and SO - S2 (status 0 - 
2) are floated within t CHCZ (45ns) after the clock edge 
immediately before the clock edge on which HLDA 
comes active. 



Figure 25. Signal Float/HLDA Timing of the 80186 

Only the above mentioned signals are floated during bus 
HOLD. Of the signals not floated by the 80186, some 
have to do with peripheral functionality (e.g., TmrOut). 
Many others either directly or indirectly control bus de- 
vices. These signals are ALE (Address Latch E nable , 
see s e ction 3.1 .2) an d all the chip select lines (UCS, 
LCS, MCS0-3, and PCS0-6). The designer must be 
aware that the chip select circuitry does not look at ex- 
ternally generated addresses (see section 10 for a discus- 
sion of the chip select logic). Thus, for memory or 
peripheral devices which are addressed by external bus 
master devices, discrete chip select and ready generation 
logic must be used. 

3.3.2 HOLD/HLDA TIMING AND BUS LATENCY 

The time required between HOLD going active and the 
80186 driving HLDA active is known as bus latency. 
Many factors affect this latency, including synchroniza- 
tion delays, bus cycle times, locked transfer times and 
interrupt acknowledge cycles. 

The HOLD request line is internally synchronized by 
the 80186, and may therefore be an asynchronous sig- 
nal. To guarantee recognition on a certain clock edge, it 
must satisfy a certain setup and hold time to the falling 
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cussion of 80186 synchronizers). If the bus is idle, 
HLDA will follow HOLD by two CPU clock cycles plus 
a small amount of setup and propagation delay time. 
The first clock cycle synchronizes the input; the second 
signals the internal circuitry to initiate a bus hold, (see 
Figure 26). 

Many factors influence the number of clock cycles be- 
tween a HOLD request and a HLDA. These may make 
bus latency longer than the best case shown above. Per- 
haps the most important factor is that the 80ll86 will not 
relinquish the local bus until the bus is idle. An idle bus 
occurs whenever the 80186 is not performing any bus 
transfers. As stated in section 3.1.1, when the bus is idle, 
the 80186 generates idle T-states. The bus can become 
idle only at the end of a bus cycle. Thus, the 80186 can 
recognize HOLD only after the end of its current bus cy- 
cle. The 80186 will normally insert no T } states between 
T 4 and Tj of the next bus cycle if it requires any bus ac- 
tivity (e.g., instruction fetches or I/O reads). However, 
the 80186 may not have an immediate need for the bus 
after a bps cycle, and will insert T; states independent of 
the HOLD input (see section 3.1.7). 

When the HOLD request is active, the 80186 will be 



1. Decision: No additional internal bus cycles required, idle T-states will be 

inserted after T 4 

2. Greater than 25 ns (t HVCL ) 

3. Less than 50 ns (t CLHAV ) 

4. HOLD request internally synchronized 

T 3 OR 

' T 1 T 1 T 

| T W | T 4 I 'i 

CLOCK 
OUT 

HOLD 
HLDA 

1 . Decision: Additional internal bus cycles required, no idle T-states will be 

inserted, Hold not active soon enough to force idle T-states 

2. Greater than 25 ns (t HVCL ): not required since it will not get recognized 

anyway 

3. HOLD request internally synchronized 

k Figure 27. HOLD/HLDA Timing in the 80186 



edge of the CPU clock A full CPU clock cycle is re- 
quired for this synchronization, that is, the internal 
HOLD signal is not presented to the internal bus arbi- 
tration circuitry until one full clock cycle after it is 
latched from the HOLD input (see Appendix B for a dis- 



Figure 26. 80186 Idle Bus Hold/HLDA Timing 
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1. HOLD request internally synchronized 

2. Decision: HOLD request active, idle t-states will be inserted at end of 

current bus cycle 

3. Greater than 25 ns 

4. Less than 50 ns 


Figure 27A. HOLD/HLDA Timing in the 80186 


forced to proceed from T 4 to Tj in order that the bus may 
be relinquished. HOLD must go active 3 T-states before 
the end of a bus cycle to force the 80186 to insert idle T- 
states after T 4 (one to synchronize the request, and one 
to signal the 80186 that T 4 of the bus cycle will be fol- 
lowed by idle T-states, see section 3.1.1). After the bus 
cycle has ended, the bus hold will be immediately ac- 
knowledged. If, however, the 80186 has already deter- 
mined that an idle T-state will follow T 4 of the current 
bus cycle, HOLD need go active only 2 T-states before 
the end of a bus cycle to force the 801 86 to relinquish the 
bus at the end of the current bus cycle. This is because 
the external HOLD request is not required to force the 
generation of idle T-states. Figure 27 graphically por- 
trays the scenarios depicted above. 

An external HOLD has higher priority than both the 
80186 CPU or integrated DMA unit. However, an exter- 
nal HOLD will not separate the two cycles needed to 
perform a word access when the word accessed is located 
at an odd location (see section 3. 1 .3). In addition, an ex- 
ternal HOLD will not separate the two-to-four bus cy- 
cles required to perform a DMA transfer using the 
integrated controller. Each of these factors will add ad- 
ditional bus cycle times to the bus latency of the 80186. 

Another factor influencing bus latency time is locked 
transfers. Whenever a locked transfer is occurring, the 
80186 will not recognize external HOLDs (nor will it 
recognize internal DMA bus requests). Locked trans- 
fers are programmed by preceding an instruction with 
the LOCK prefix. Any transfers generated by such a 
prefixed instruction will be locked, and will not be sepa- 
rated by any external bus requesting device. String in- 
structions may be locked. Since string transfers may 


require thousands of bus cycles, bus latency time will 
suffer if they are locked. 

The final factor affecting bus latency time is interrupt 
acknowledge cycles. When an external interrupt con- 
troller is used, or if the integrated interrupt controller is 
used in iRMX 86 mode (see section 4.4.1) the 80186 will 
run two interrupt acknowledge cycles back to back. 
These cycles are automatically “locked” and will never 
be separated by any bus HOLD, either internal or exter- 
nal. See section 6.5 on interrupt acknowledge timing for 
more information concerning interrupt acknowledge 
timing. 

3.3.3 COMING OUT OF HOLD 

After the 80186 recognizes that the HOLD input has 
gone inactive, it will drop its HLDA line in a single 
clock. Figure 28 shows this timing. The 80186 will insert 
only two Tj after HLDA has gone inactive, assuming 
that the 80186 has internal bus cycles to run. During the 
last T„ status information will go active concerning the 
bus cycle about to be run (see section 3.1.1). If the 
80186 has no pending bus activity, it will maintain all 
lines floating (high impedance) until the last Tj before it 
begins its first bus cycle after the HOLD. 

3.4 Differences Between the 8086 bus and 
the 80186 Bus 

The 80186 bus was defined to be upward compatible 
with the 8086 bus. As a result, the 8086 bus interface 
components (the 8288 bus controller and the 8289 bus 
arbiter) may be used directly with the 80186. There are 
a few significant differences between the two processors 
which should be considered. 
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1 . HOLD internally synchronized 

2. Greater than 25 ns 

3. Less than 50 ns 

4. Lines come out of float only if a bus cycle is pending 


Figure 28. 80186 Coming out of Hold 


• CPU Duty Cycle and Clock Generator 

The 80186 employs an integrated clock generator which 
provides a 50% duty cycle CPU clock (1/2 of the time it 
is high, the other 1 /2 of the time it is low). This is differ- 
ent that the 8086, which employs an external clock gen- 
erator (the 8284A) with sl 33% duty cycle CPU clock 
( 1 / 3 of the time it is high, the other 2/3 of the time, it is 
low). These differences manifest themselves as follows: 

1 ) No oscillator output is available from the 80 1 86, 
as it is available from the 8284A clock generator. 

2) The 80186 does not provide a PCLK (50% duty 
cycle, 1 / 2 CPU clock frequency) output as does 
the 8 284 A. 

3) The clock low phase of the 80186 is narrower, 
and the clock high phase is wider than on the 
same speed 8086. 

4) The 80186 does not internally factor AEN with 
RDY. This means that if both RDY inputs 
(ARDY and SRDY) are used, external logic 
must be used to prevent the RDY not connected 
to a certain device from being driven active dur- 
ing an access to this device (remember, only one 
RDY input needs to be active to terminate a bus 
cycle, see section 3.1.6). 

5) The 80186 concurrently provides both a single 
asynchronous ready input and a single synchro- 
nous ready input, while the 8 284 A provides ei- 


ther two synchronous ready inputs or two 
asynchronous ready inputs as a user strapable 
option. 

6) The CLOCKOUT (CPU clock output signal) 
drive capacity of the 80186 is less than the CPU 
clock drive capacity of the 8284A. This means 
that not as many high speed devices (e.g., 
Schottky TTL flip-flops) may be connected to 
this signal as can be used with the 8284A clock 
output. 

7) The crystal or external oscillator used by the 
80186 is twice the CPU clock frequency, while 
the crystal or external oscillator used with the 
8 284 A is three times the CPU clock frequency. 

• Local Bus Controller and Control Signals 

The 80186 simultan eousl y provi des bo th local bus con- 
troller outputs (RD, WR, ALE, DEN and DT/R) and 
status outputs (SO, SI, S2) for use with the 8288 bus 
controller. This is different from the 8086 where the lo- 
cal bus controller outputs (generated only in min mode) 
are sacrificed if status outputs ( generated only in max 
mode) are desired. These differences will manifest 
themselves in 8086 systems and 80186 systems as 
follows: 

1) Because the 80186 can simultaneously provide 
local bus control signals and status outputs, 
many systems supporting both a system bus (e.g., 
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a Multibus®) and a local bus will not require two 
separate external bus controllers, that is, the 
80186 bus control signals may be used to control 
the local bus while the 80186 status signals are 
concurrently connected to the 8288 bus control- 
, ler to drive the control signals of the system bus. 

2) The ALE signal of the 80186 goes active a clock 
phase earlier on the 80186 then on the 8086 or 
8288. This minimizes address propagation time 
through the address latches, since typically the 
delay time through these latches from inputs val- 
id is less than the propagation delay from the 
strobe input active. 

3) The 80186 RD input must be tied low to provide 
queue status outputs from the 80186 (see Figure 
29). When so strap ped into “queue status mode,” 
the ALE and WR outputs provide queue status 
information. Notice that this queue status infor- 
mation is available one clock phase earlier from 
the 80186 than from the 8086 (see Figure 30). 



Figure 29. Generating Queue Status Information 


from the 80186 
• HOLD/HLDAvs. RQ/GT 

As discussed earlier, the 80186 uses a HOLD/HLDA 
type of protocol for exchanging bus mastership (like the 
8086 in min mode) rather than the RQ/GT protocol 
used by the 8086 in max mode. This allows compatiblity 
with Intel’s the new generation of high performance/ 
high integration bus master peripheral devices (for ex- 


ample the 82586 Ethernet* controller or 82730 high 
performance CRT controller/text coprocessor). 

• Status Information 

The 80186 does not provide S3-S5 status information. 
On the 8086, S3 and S4 provide information regarding 
the segment register used to generate the physical ad- 
dress of the currently executing bus cycle. S5 provides 
information concerning the state of the interrupt enable 
flip-flop. These status bits are always low on the 80186. 

Status signal S6 is used to indicate whether the current 
bus cycle is initiated by either the CPU or a DMA de- 
vice. Subsequently, it is always low on the 8086. On the 
801 86, it is low whenever the current bus cycle is initiat- 
ed by the 80186 CPU, and is high when the current bus 
cycle is initiated by the 80186 integrated DMA unit. 

• Bus Drive 

The 80186 output drivers will'drive 200pF loads. This is 
double that of the 8086 (lOOpF). This allows larger sys- 
tems to be constructed without the need for bus buffers. 
It also means that it is very important to provide good 
grounds to the 80186, since its large drivers can dis- 
charge its outputs very quickly causing large current 
transients on the 80186 ground pins. 

• Misc. 

The 80186 does not provide early a nd lat e write signals, 
as does the 8288 bus controller. The WR signal generat- 
ed by the 80186 corresponds to the early write signal of 
the 8288. This means that data is not stable on the ad- 
dress/data bus when this signal is driven active. 

The 80186 also does not provide differentiated I/O and 
memory read and write command signals. If these sig- 
nals are desired, an external 8288 bus controller may be 
used, or the S2 signal may be used to synthesize differ- 
entiated commands (see section 3.1.4). 

• Ether net is a registered trademark of Xerox Corp. 
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1. 80186 changes queue status off falling edge of CLK 
2. 8086 changes queue status off rising edge of CLK 


Figure 30. 80186 and 8086 Queue Status Generation 
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4. DMA UNIT INTERFACING 


Programmable generation of DMA requests by: 


The 80186 includes a DMA unit which provides two in- 
dependent high speed DMA channels. These channels 
operate independently of the CPU, and drive all inte- 
grated bus interface components (bus controller, chip se- 
lects, etc.) exactly as the CPU (see Figure 31). This 
means that bus cycles initiated by the DMA unit are ex- 
actly the same as bus cycles initiated by the CPU (ex- 
cept that S6 = 1 during all DMA initiated cycles, see 
section 3.1). Thus interfacing with the DMA unit itself 
is very simple, since except for the addition of the DMA 
request connection, it is exactly the same as interfacing 
to the CPU. 



Figure 31. 80186 CPU/DMA Channel 
Internal Model 


4.1 DMA Features 

Each of the two DMA channels provides the following 

features: 

• Independent 20-bit source and destination pointers 
which are used to access the I/O or memory location 
from which data will be fetched or to which data will 
be deposited 

• Programmable auto-increment, auto-decrement or 
neither of the source and destination pointers after 
each DMA transfer 

• Programmable termination of DMA activity after a 
certain number of DMA transfers 

• Programmable CPU interruption at DMA termina- 
tion 

• Byte or word DMA transfers to or from even or odd 
memory or I /O addresses 


1 ) the source of the data 

2) the destination of the data 

3) timer 2 (see section 5) 

4) the DMA unit itself (continuous DMA requests) 


4.2 DMA Unit Programming 

Each of the two DMA channels contains a number of 
registers which are used to control channel operation. 
These registers are included in the 80186 integrated pe- 
ripheral control block (see appendix A). These registers 
include the source and destination pointer registers, the 
transfer count register and the control register. The lay- 
out and interpretation of the bits in these registers is giv- 
en in Figure 32. 

The 20-bit source and destination pointers allow access 
to the complete 1 Mbyte address space of the 80186, and 
that all 20 bits are affected by the auto-increment or 
auto-decrement unit of the DMA (i.e., the DMA 
channels address the full 1 Mbyte address space of the 
80186 as a flat, linear array without segments). When 
addressing I/O space, the upper 4 bits of the DMA 
pointer registers should be programmed to be 0. If they 
are not programmed 0, then the programmed value 
(greater than 64K in I/O space) will be driven onto the 
address bus (an area of I/O space not accessable to the 
CPU). The data transfer will occur correctly, however. 

After every DMA transfer the 16-bit DMA transfer 
count register it is decremented by 1, whether a byte 
transfer or a word transfer has occurred. If the T C bit in 
the DMA control register is set, the DMA ST/STOP 
bit (see below) will be cleared when this register goes to 
0, causing all DMA activity to cease. A transfer count of 
zero allows 65536 (2 16 ) transfers. 

The DMA control register (see Figure 33) contains bits 
which control various channel characteristics, including 
for each of the data source and destination whether the 
pointer points to memory or I/O space, or whether the 
pointer will be incremented, decremented or left alone 
after each DMA transfer. It also contains a bit which se- 
lects between byte or word transfers. Two synchroniza- 
tion bits are used to determine the source of the DMA 
requests (see section 4.7). The TC bit determines wheth- 
er DMA activity will cease after a programmed number 
of DMA transfers, and the INT bit is used to enable in- 
terrupts to the processor when this has occurred (note 
that an interrupt will not be generated to the CPU when 
the transfer count register reaches zero unless both the 
INT bit and the TC bit are set). 

The contro l register also contains a start/stop 
(ST/STOP) bit. This bit is used to enable DMA 
transfers. Whenever this bit is set, the channel is 
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Figure 32. 80186 DMA Register Layout 
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Figure 33. DMA Control Register 


“armed,” that is, a DMA transfer will occur whenever a 
DMA request is made to the channel. If this bit is 
cleared, no DMA transfers will be per formed by the 
channel. A companion bit, the CHG/NOCHG bit, 
allows the contents of the DMA control register to be 
changed with out mo difying the state of the start/stop 
bit. T he ST/ST OP bit will only be modified if the 
CHG/NOCHG bit is also set during the write to the 
DMA control register. The CHG/NOCHG bit is 
write only. It will always be read back as a 0. Because 
DM A tran sfers could occur immediately after the 
ST /STOP bit is set, it should only be set only after all 
other DMA controller registers have been programmed. 
This bit is automatically cleared when the transfer count 
register reaches zero and the TC bit in the DMA control 
register is set, or when the transfer count register 
reaches zero and unsynchronized DMA transfers are 
programmed. 


All DMA unit programming registers are directly 
accessable by the CPU. This means the CPU can, for ex- 
ample, modify the DMA source pointer register after 
137 DMA transfers have occurred, and have the new 
pointer value used for the 138th DMA transfer. If more 
than one register in the DMA channel is being modified 
at any time that a DMA request may be gene rated and 
the DMA channel is enabled (the ST/STOP bit in the 
control register is set), the register programming values 
should be placed in memory locations and moved into 
the DMA registers using a locked string move instruc- 
tion. This will prevent a DMA transfer from occurring 
after only half of the register values have changed. The 
above also holds true if a read/modify /write type of op- 
eration is being performed (e.g., ANDing off bits in a 
pointer register in a single AND instruction to a pointer 
register mapped into memory space). 
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NOTE: Wait states are inserted by the bus condition during the bus cycle, not by the DMA controller 


Figure 34. Example DMA Transfer Cycle on the 80186 


4.3 DMA Transfers 

Every DMA transfer in the 80186 consists of two inde- 
pendent bus cycles, the fetch cycle and the deposit cycle 
(see Figure 34). During the fetch cycle, the byte or word 
data is accessed from memory or I/O space using the ad- 
dress in the source pointer register. The data accessed is 
• placed in an internal temporary register, which is not ac- 
cessible to the CPU. During the deposit cycle, the byte 
or word data in this internal register is placed in memory 
or I/O space using the address in the destination pointer 
register. These two bus cycles will not be separated by 
bus HOLD or by the other DMA channel, and one will 
never be run without the other except when the CPU is 
RESET. Notice that the bus cycles run by the DMA 
unit are exactly the same as memory or I/O bus cycles 
run by the CPU. The only difference between the two is 
the state of the S6 status line (which is multiplexed on 
the A1 9 line): on all CPU initiated bus cycles, this status 
line will be driven low; on all DMA initiated bus cycles, 
this status line will be driven high. 

4.4 DMA Requests 

Each DMA channel has a single DMA request line by 
which an external device may request a DMA transfer. 
The synchronization bits in the DMA control register 
determine whether this line is interpreted to be connect- 
ed to the source of the DMA data or the destination of 
the DMA data. All transfer requests on this line are syn- 
chronized to the CPU clock before being presented to in- 


ternal DMA logic. This means that any asynchronous 
transitions of the DMA request line will not cause the 
DMA channel to malfunction. In addition to external 
requests, DMA requests may be generated whenever the 
internal timer 2 times out, or continuously by program- 
ming the synchronization bits in the DMA control regis- 
ter to call for unsynchronized DMA transfers. 

4.4.1 DMA REQUEST TIMING AND LATENCY 

Before any DMA request can be generated, the 80186 
internal bus must be granted to the DMA unit. A certain 
amount of time is required for the CPU to grant this in- 
ternal bus to the DMA unit. The time between a DMA 
request being issued and the DMA transfer being run is 
known as DMA latency. Many of the issues concerning 
DMA latency are the same as those concerning bus la- 
tency (see section 3.3.2). The only important difference 
is that external HOLD always has bus priority over an 
internal DMA transfer. Thus, the latency time of an in- 
ternal DMA cycle will suffer during an external bus 
HOLD. 

Each DMA channel has a programmed priority relative 
to the other DMA channel. Both channels may be pro- 
grammed to be the same priority, or one may be pro- 
grammed to be of higher priority than the other channel. 
If both channels are active, DMA latency will suffer on 
the lower priority channel. If both channels are active 
and both channels are of the same programmed priority, 
DMA transfer cycles will alternate between the two 
channels (i.e., the first channel will perform a fetch and 
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1 . t DRQCL = DMA request to clock low = 25 ns min to guarantee recognition 

2. Synchronizer resolution time 

3. DMA unit priority arbitration, etc. time 

4. Bus Interface Unit latches DMA request and decides to run DMA cycle 


Figure 35. DMA Request Timing on the 80186 (showing minimum response time to request) 

Also notice that if PRQ is sampled active at 1 in Figure 
35, the DMA cycle will be executed, even if the DMA 
request goes inactive before the beginning of the first 
DMA cycle. This does not mean that the DMA request 
is latched into the processor such that any transition on 
the DMA request line will cause a DMA cycle eventual- 
ly. Quite the contrary, DMA request must be active at a 
certain time before the end of a bus cycle for the DMA 
request to be recognized by the processor. If the DMA 
request line goes inactive before that window, then no 
DMA cycles will be run. 


deposit, followed by a fetch and deposit by the second 
channel, etc). 

The minimum timing required to generate a DMA cycle 
is shown in Figure 35. Note that the minimum time from 
DRQ becoming active until the beginning of the first 
DMA cycle is 4 CPU clock cycles, that is, a DMA re- 
quest is sampled 4 clock cycles before the beginning of a 
bus cycle to determine if any DMA activity will be re- 
quired. This time is independent of the number of wait 
states inserted in the bus cycle. The maximum DMA la- 
tency is a function of other processor activity (see 



Figure 36. DMA Acknowledge Synthesis from the 80186 
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4.5 DMA Acknowledge 

The 80186 generates no explicit DMA acknowledge sig- 
nal. Instead, the 80186 performs a read or write directly 
to the DMA requesting device. If required, a DMA ac- 
knowledge signal can be generated by a decod e of an ad- 
dress, or by merely using one of the PCS lines (see 
Figure 36). Note ALE must be used to factor the DACK 
because addresses are not guaranteed stable when chip 
selects go active. This is requ ired because if the address 
is not stable when the PCS goes active, glitches can 
occur at the output of the DACK generation circuitry as 
the address lines change state. Once ALE has gone low, 
the addresses are guaranteed to have been stable for at 
least t AVAL (30ns). 

4.6 Internally Generated DMA Requests 

There are two types in internally synchronized DMA 
transfers, that is, transfer initiated by a unit integrated 
in the 80186. These two types are transfers in which the 
DMA request is generated by timer 2, or where DMA 
request is generated by the DMA channel itself. 

The DMA channel can be programmed such that when- 
ever timer 2 reaches its maximum count, a DMA re- 
quest will be generated. This feature is selected by 
setting the TDRQ bit in the DMA channel control regis- 
ter. A DMA request generated in this manner will be 
latched in the DMA controller, so that once the timer re- 
quest has been generated, it cannot be cleared except by 
running the DMA cycle or by clearing the TDRQ bits in 
both DMA control registers. Before any DMA requests 
are generated in this mode, timer 2 must be initiated and 
enabled. 

A timer requested DMA cycle being run by either DMA 
channel will reset the timer request. Thus, if both chan- 
nels are using it to request a DMA cycle, only one DMA 
channel will execute a transfer for every timeout of tim- 
er 2. Another implication of having a single bit timer 
DMA request latch in the DMA controller is that if an- 
other timer 2 timeout occurs before a DMA channel has 
a chance to run a DMA transfer, the first request will be 
lost, i.e., only a single DMA transfer will occur, even 
though the timer has timed out twice. 

The DMA channel can also be programmed to provide 
its own DMA requests. In this mode, DMA transfer cy- 
cles will be run continuously at the maximum bus band- 
width, one after the other until the preprogrammed 
number of DMA transfers (in the DMA transfer count 
register) have occurred. This mode is selected by pro- 
gramming the synchronization bits in the DMA control 
register for unsynchronized transfers. Note that in this 
mode, the DMA controller will monopolize the CPU 
bus, i.e., the CPU will not be able to perform opcode 
fetching, memory operations, etc., while the DMA 
transfers are occurring. Also notice that the DMA will 
only perforrp th,e number of transfers indicated in the 


maximum count register regardless of the state of the 
TC bit in the DMA control register. 

4.7 Externally Synchronized DMA 
Transfers 

There are two types of externally synchronized DMA 
transfers, that is, DMA transfers which are requested by 
an external device rather than by integrated timer 2 or 
by the DMA channel itself (in unsynchronized trans- 
fers). These are source synchronized and destination 
synchronized transfers. These modes are selected by 
programming the synchronization bits in the DMA 
channel control register. The only difference between 
the two is the time at which the DMA request pin is sam- 
pled to determine if another DMA transfer is immedi- 
ately required after the currently executing DMA 
transfer. On source synchronized transfers, this is done 
such that two source synchronized DMA transfers may 
occur one immediately after the other, while on destina- 
tion synchronized transfers a certain amount of idle 
time is automatically inserted between two DMA trans- 
fers to allow time for the DMA requesting device to 
drive its DMA request inactive. 

4.7.1 SOURCE SYNCHRONIZED 
DMA TRANSFERS 

In a source synchronized DMA transfer, the source of 
the DMA data requests the DMA cycle. An example of 
this would be a floppy disk read from the disk to main 
memory. In this type of transfer, the device requesting 
the transfer is read during the fetch cycle of the DMA 
transfer. Since it takes 4 CPU clock cycles from the time 
DMA request is sampled to the time the DMA transfer 
is actually begun, and a bus cycle takes a minimum of 4 
clock cycles, the earliest time the DMA request pin will 
be sampled for another DMA transfer will be at the be- 
ginning of the deposit cycle of a DMA transfer. This al- 
lows over 3 CPU clock cycles between the time the 
DMA requesting device receives an acknowledge to its 
DMA request (around the beginning of T 2 of the DMA 
fetch cycle), and the time it must drive this request inac- 
tive (assuming no wait states) to insure that another 
DMA transfer is not performed if it is not desired (see 
Figure 37). 

4.7.2 DESTINATION SYNCHRONIZED 
DMA TRANSFERS 

In destination synchronized DMA transfers, the desti- 
nation of the DMA data requests the DMA transfer. An 
example of this would be a floppy disk write from main 
memory to the disk. In this type of transfer, the device 
requesting the transfer is written during the deposit cy- 
cle of the DMA transfer. This causes a problem, since 
the DMA requesting device will not receive notification 
of the DMA cycle being run until 3 clock cycles before 
the end of the DMA transfer (if no wait states are being 
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inserted into the deposit cycle of the DMA transfer) and 
it takes '4 clock cycles to determine whether another 
DMA cycle should be run immediately following the 
current DMA transfer. To get around this problem, the 
DMA unit will relinquish the CPU bus after each desti- 
nation synchronized DMA transfer for at least 2 CPU 
clock cycles to allow the DMA requesting device time to 
drop its DMA request if it does not immediately desire 
another immediate DMA transfer. When the bus is re- 
linquished by the DMA unit, the CPU may resume bus 
operation (e.g., instruction fetching, memory or I/O 
reads or writes, etc.) Thus, typically, a CPU initiated 
bus cycle will be inserted between each destination syn- 
chronized DMA transfer. If no CPU bus activity is re- 
quired, however (and none can be guaranteed), the 
DMA unit will insert only 2 CPU clock cycles between 
the deposit cycle of one DMA transfer and the fetch cy- 
cle of the next DMA transfer. This means that the DMA 
destination requesting device must drop its DMA re- 
quest at least two clock cycles before the end of the de- 
posit cycle regardless of the number of wait states 
inserted into the bus cycle. Figure 37 shows the DMA 
request going away too late to prevent the immediate 
generation of another DMA transfer. Any wait states in- 
serted in the deposit cycle of the DMA transfer will 


lengthen the amount of time from the beginning of the 
deposit cycle to the time DMA will be sampled for an- 
other DMA transfer. Thus, if the amount of time a de- 
vice requires to drop its DMA request after receiving a 
DMA acknowledge from the 80186 is longer than the 0 
wait state 80186 maximum (100 ns), wait states can be 
inserted into the DMA cycle to lengthen the amount of 
time the device has to drop its DMA request after receiv- 
ing the DMA acknowledge. Table 4 shows the amount of 
time between the beginning of T 2 and the time DMA re- 
quest is sampled as wait states are inserted in the DMA 
deposit cycle. 


Table 4. DMA Request Inactive Timing 


Number of 
Wait States 

Max Time(ns) 
For DRQ Inactive 
From Start of T 2 

0 

100 

1 

225 

2 

350 

3 

475 


3-574 


210973-003 







AP-186 


iny 


DRQ 

(ALWAYS 

HIGH) 


NMI 


DHLT 

(INTERNAL 

REGISTER 

BIT) 


DMA FETCH CYCLE DMA DEPOSIT CYCLE 



1 . DMA request synchronization 

2. Decision: Will DMA cycle be run? 

Answer: No DMA request is active but DHLT is set 
(from NMI request) 

3. NMI synchronization time 

4. Logic delay time from synchronized NMI until DHLT set (note: DHLT is in 
the interrupt control status register) 


Figure 38. NMI and DMA Interaction 


4.8 DMA Halt and NMI 

Whenever a Non-Maskable Interrupt is received by the 
80186, all DMA activity will be suspended after the end 
of the current DMA transfer. This is performed by the 
NMI automatically setting the DMA Halt (DHLT) bit 
in the interrupt controller status register (see section 
6.3.7). The timing of NMI required to prevent a DMA 
cycle from occurring is shown in Figure 38. After the 
NMI has been serviced, the DHLT bit should be cleared 
by the programmer, and DMA activity will resume ex- 
actly where it left off, i.e., none of the DMA registers 
will have been modified. The DMA Halt bit is not auto- 
matically reset after the NMI has been serviced. It is 
automatically reset by the IRET instruction. This DMA 
halt bit may also be set by the programmer to prevent 
DMA activity during any critical section of code. 


4.9 Example DMA Interfaces 

4.9.1 8272 FLOPPY DISK INTERFACE 

An example DMA Interface to the 8272 Floppy Disk 
Controller is shown in Figure 39. This shows how a typi- 
cal DMA device can be interfaced to the 80186. An ex- 
ample floppy disk software driver for this interface is 
given in Appendix C. 


The data lines of the 8272 are connected, through buff- 
ers, to the 80186 AD0-AD7 lines. The buffers are re- 
quired because the 8272 will not float its output drivers 
quickly enough to prevent contention with the 80186 
driven address information after a read from the 8272 
(see section 3.1.3). 

DMA acknowledge for the 8272 is driven by an add ress 
decod e within the region assigned to PCS2. If 
PCS2 is assigned to be active between I/O locations 
0500H and 057FH, then an access to I/O location 
0500H will enable only the chip select, while an access to 
I/O location 0510H will enable both the chip select and 
the DMA acknowledge. Remember, ALE must be fac- 
tored into the DACK generation logic because addresses 
are not guaranteed stable when the chip selects become 
active. If ALE were not used, the DACK generation cir- 
cuitry could glitch as address output changed state while 
the chip select was active. 

Notice that the TC line of the 8272 is driven by a very 
similar circuit as the one generating DACK (except for 
the reversed sense of the output!). This line is used to ter- 
minate an 8272 command before the command has com- 
pleted execution. Thus, the TC input to the 8272 is 
software driven in this case. Another method of driving 
the TC input would be to connect the DACK signal to 
one of the 80186 timers, and program the timer to out- 
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Figure 39. Example 8272/80186 DMA Interface 


put a pulse to the 8272 after a certain number of DMA 
cycles have been run (see next section for 80186 timer 
information). 

The above discussion assumed that a single 80186 
PCS line is free to generate all 8272 select signals. If 
more than one c hip se lect is free, however, different 
80186 generated PCS lines could be used for each 
function. For ex ample, PCS2 could be used to select 
the 8272, PCS3 could be used to drive the DACK line 
of the 8272, etc. 

DMA requests are delayed by two clock periods in going 
from the 8272 to the 80186. This is requir ed by the 8272 
t RQR (time from DMA request to DMA RD going ac- 
tive) spec of 800ns min. This requires 6.4 80186 CPU 


clock cycles (at 8 MHz), well beyond the 5 minimum 
provided by the 80186 (4 clock cycles to the beginning of 
the DMA bus cycle, 5 to the beginning of T 2 of the DMA 
bus cycle where RD will go active). The two flip-flops 
add two complete CPU clock cycles to this response 
time. 

DMA request will go away 200ns after DACK is pre- 
sented to the 8272. During a DMA write cycle (i.e., a 
destination synchronized transfer), this is not soon 
enough to prevent the immediate generation of another 
DMA transfer if no wait states are inserted in the depos- 
it cycle to the 8272. Therefore, at least 1 wait state is re- 
quired by this interface, regardless of the data access 
parameters of the 8272. 
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4.9.2 8274 SERIAL 

COMMUNICATION INTERFACE 

An example 8274 synchronous/asynchronous serial 
chip/80186 DMA interface is shown in Figure 40. The 
8274 interface is even simpler than the 8272 interface, 
since it does not require the generation of a DMA ac- 
knowledge signal, and the 8274 does not require the 
length of time between a DMA request and the DMA 
read or write cycle that the 8272 does. An example serial 
driver using the 8274 in DMA mode with the 80186 is 
given in Appendix C. 



Figure 40. Example 8274/80186 DMA Interface 


The data lines of the 8274 are connected through buffers 
to the 80186 AD0-AD7 lines. Again, these are required 
not because of bus drive problems, but because the 8274 
will not float its drivers before the 80186 will begin driv- 
ing address information on its address/data bus. If both 
the 8274 and the 8272 are included in the same 80186 
system, they could share the same data bus buffer (as 
could any other peripheral devices in the system). 

The 8274 does not require a DMA acknowledge signal. 
The first read from or write to the data register of the 
8274 after the 8274 generates the DMA request signal 
will clear the DMA reques t. Th e time between when the 
control signal (RD or WR) becomes active and 
when the 8274 will drop its DMA request during a 
DMA write is 150ns, which will require at least one wait 
state be inserted into the DMA write cycle for proper op- 
eration of the interface. 


5. TIMER UNIT INTERFACING 

The 80186 includes a timer unit which provides three in- 
dependent 16-bit timers. These timers operate indepen- 
dently of the CPU. Two of these have input and output 
pins allowing counting of external events and generation 
of arbitrary waveforms. The third timer can be used as a 
timer, as a prescaler for the other two timers, or as a 
DMA request source. 

5.1 Timer Operation 

The internal timer unit on the 80186 could be modeled 
by a single counter element, time multiplexed to three 
register banks, each of which contains different control 
and count values. These register banks are, in turn, dual 
ported between the counter element and the 80186 CPU 
(see Figure 41). Figure 42 shows the timer element se- 
quencing, and the subsequent constraints on input and 
output signals. If the CPU modifies one of the timer reg- 
isters, this change will affect the counter element the 
next time that register is presented to the counter ele- 
ment. There is no connection between the sequencing of 
the counter element through the timer register banks 
and the Bus Interface Unit’s sequencing through T- 
states. Timer operation and bus interface operation are 
completely asynchronous. 

5.2 Timer Registers 

Each timer is controlled by a block of registers (see Fig- 
ure 43). Each of these registers can be read or written 
whether or not the timer is operating. All processor ac- 
cesses to these registers are synchronized to all counter 
element accesses to these registers, meaning that one 
will never read a count register in which only half of the 
bits have been modified. Because of this synchroniza- 
tion, one wait state is automatically inserted into any ac- 
cess to the timer registers. Unlike the DMA unit, 
locking accesses to timer registers will not prevent the 
timer’s counter element from accessing the timer 
registers. 

Each timer has a 16-bit count register. This register is 
incremented for each timer event. A timer event can be a 
low-to-high transition on the external pin (for timers 0 
and 1), a CPU clock transition (divided by 4 because of 
the counter element multiplexing), or a time out of timer 
2 (for timers 0 and 1). Because the count register is 16 
bits wide, up to 65536 (2 16 ) timer events can be counted 
by a single timer/counfer. This register can be both read 
or written whether the timer is or is not operating. 

Each timer includes a maximum count register. When- 
ever the timer count register is equal to the maximum 
count register, the count register will be reset to zero, 
that is, the maximum count value will never be stored in 
the count register. This maximum count value may be 
written while the timer is operating. A maximum count 
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Figure 41. 80186 Timer Model 


TIMER 0 TIMER 1 TIMER 2 TIMER 0 

SERVICED SERVICED SERVICED DEAD SERVICED 



1 . Timer in 0 resolution time 

2. Timer in 1 resolution time 

3. Modified count value written into 80186 timer 0 count register 

4. Modified count value written into 80186 timer 1 count register 


Figure 42. 80186 Counter Element Multiplexing and Timer Input Synchronization 
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Figure 43. 80186 Timer Register Layout 


value of 0 implies a maximum count of 65536, a maxi- 
mum count value of 1 implies a maximum count of 1, 
etc. The user should be aware that only equivalence be- 
tween the count value and the maximum count register 
value is checked, that is, the count value will not be 
cleared if the value in the count register is greater than 
the value in the maximum count register. This could only 
occur by programmer intervention, either by setting the 
value in the count register greater than the value in the 
maximum count register, or by setting the value in the 
maximum count register to be less than the value in the 
count register. If this is programmed, the timer will 
count to the maximum possible count (FFFFH), incre- 
ment to 0, then count up to the value in the maximum 
count register. The TC bit in the timer control register 
will not be set when the counter overflows to 0, nor will 
an interrupt be generated from the timer unit. 

Timers 0 and 1 each contain an additional maximum 
count register. When both maximum count registers are 
used, the timer will first count up to the value in maxi- 
mum count register A, reset to zero, count up to the val- 
ue in maximum count register B, and reset to zero again. 
The ALTernate bit in the timer control register deter- 
mines whether one or both maximum count registers are 
used. If this bit is low, only maximum count register A is 
used; maximum count register B is ignored. If it is high, 
both maximum count register A and maximum count 
register B are used. The RIU (register in use) bit in the 
timer control register indicates which maximum count 
register is currently being used. This bit is 0 when maxi- 
mum count register A is being used, 1 when maximum 
count register B is being used. This RIU bit is read only. 
It is unaffected by any write to the timer control register. 
It will always be read 0 in single maximum count regis- 


ter mode (since only maximum count register A will be 
used). 

Each timer can generate an interrupt whenever the tim- 
er count value reaches a maximum count value. That is, 
an interrupt can be generated whenever the value in 
maximum count register A is reached, and whenever the 
value in maximum count register B is reached. In addi- 
tion, the MC (maximum count) bit in the timer control 
register is set whenever the timer count reaches a maxi- 
mum count value. This bit is never automatically 
cleared, i.e., programmer intervention is required to 
clear this bit. If a timer generates a second interrupt re- 
quest before the first interrupt request has been ser- 
viced, the first interrupt request to the CPU will be lost. 

Each timer has an ENable bit in the timer control regis- 
ter. This bit is used to enable the timer to count. The tim- 
er will count timer events only when this bit is set. Any 
timer events occurring when this bit is reset are ignored. 
Any write to the timer control register will modify the 
ENable bit only if the INHibit bit is also set. The timer 
ENable bit will not be modified by a write to the timer 
control register if the INHibit bit is not set. The INHibit 
bit in the timer control register allows selective updating 
of the timer ENable bit. The value of the INHibit bit is 
not stored in a write to the timer control register; it will 
always be read as a 1 . 

Each timer has a CONTinuous bit in the timer control 
register. If this bit is cleared, the timer ENable bit will 
be automatically cleared at the end of each timing cycle. 
If a single maximum count register is used, the end of a 
timing cycle occurs when the count value resets to zero 
after reaching the value in maximum count register A. If 
dual maximum count registers are used, the end of a 
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timing cycle occurs when the count value resets to zero 
after reaching the value in maximum count register B. If 
the CONTinuous bit is set, the ENable bit in the timer 
control register will never be automatically reset. Thus, 
after each timing cycle, another timing cycle will auto- 
matically begin. For example, in single maximum count 
register mode, the timer will count up to the value in 
maximum count register A, reset to zero, count up to the 
value in maximum count register A, reset to zero, ad in- 
finitum. In dual maximum count register mode, the tim- 
er will count up the the value in maximum count register 
A, reset to zero, count up the value in maximum count 
register B, reset to zero, count up to the value in maxi- 
mum count register A, reset to zero, et cetera. 

5.3 Timer Events 

Each timer counts timer events. All timers can use a 
transition of the CPU clock as an event. Because of the 
counter element multiplexing, the timer count value will 
be incremented every fourth CPU clock. For timer 2, 
this is the only timer event which can be used. For timers 
0 and 1 , this event is selected by clearing the EXTernal 
and Prescaler bits in the timer control register. 

Timers 0 and 1 can use timer 2 reaching its maximum 
count as a timer event. This is selected by clearing the 
EXTernal bit and setting the Prescaler bit in the timer 
control register. When this is done, the timer will incre- 
ment whenever timer 2 resets to zero having reached its 
own maximum count. Note that timer 2 must be initial- 
ized and running for the other timer’s value to be 
incremented. 

Timers 0 and 1 can also be programmed to count low-to- 
high transitions on the external input pin. Each transi- 
tion on the external pin is synchronized to the 80186 
clock before it is presented to the timer circuitry, and 
may, therefore, be asynchronous (see Appendix B for in- 
formation on 80186 synchronizers). The timer counts 
transitions on the input pin: the input value must go low, 
then go high to cause the timer to increment. Any transi- 
tion on this line is latched. If a transition occurs when a 
timer is not being serviced by the counter element, the 
transition on the input line will be remembered so that 
when the timer does get serviced, the input transition 
will be counted. Because of the counter element multi- 
plexing, the maximum rate at which the timer can count 
is 1 /4 of the CPU clock rate (2 MHz with an 8 MHz 
CPU clock). 

5.4 Timer Input Pin Operation 

Timers 0 and 1 each have individual timer input pins. 
All low-to-high transitions on these input pins are syn- 
chronized, latched, and presented to the counter element 
when the particular timer is being serviced by the 
counter element. 

Signals on this input can affect timer operation in three 
different ways. The manner in which the pin signals are 
used is determined by the EXTernal and RTG (retrig- 


ger) bits in the timer control register. If the EXTernal 
bit is set, transitions on the input pin will cause the timer 
count value to increment if the timer is enabled (the EN- 
able bit in the timer control register is set). Thus, the 
timer counts external events. If the EXTernal bit is 
cleared, all timer increments are caused by either the 
CPU clock or by timer 2 timing out. In this mode, the 
RTG bit determines whether the input pin will enable 
timer operation, or whether it will retrigger timer 
operation. 

If the EXTernal bit is low and the RTG bit is also low, 
the timer will count internal timer events only when the 
timer input pin is high and the ENable bit in the timer 
control register is set. Note that in this mode, the pin is 
level sensitive, not edge sensitive. A low-to-high transi- 
tion on the timer input pin is not required to enable timer 
operation. If the input is tied high, the timer will be con- 
tinually enabled. The timer enable input signal is com- 
pletely independent of the ENable bit in the timer 
control register: both must be high for the timer to 
count. Example uses for the timer in this mode would be 
a real time clock or a baud rate generator. 

If the EXTernal bit is low and the RTG bit is high, the 
timer will act as a digital one-shot. In this mode, every 
low-to-high transition on the timer input pin will cause 
the timer to reset to zero. If the timer is enabled (i.e., the 
ENable bit in the timer control register is set) timer op- 
eration will begin (the timer will count CPU clock tran- 
sitions or timer 2 timeouts). Timer operation will cease 
at the end of a timer cycle, that is, when the value in the 
maximum count register A is reached and the timer 
count value resets to zero (in single maximum count reg- 
ister mode, remember that the maximum count value is 
never stored in the timer count register) or when the val- 
ue in maximum count register B is reached and the timer 
count value resets to zero (in dual maximum count regis- 
ter mode). If another low-to-high transition occurs on 
the input pin before the end of the timer cycle, the timer 
will reset to zero and begin the timing cycle again re- 
gardless of the state of the CONTinuous bit in the timer 
control register the RIU bit will not be changed by the 
input transition. If the CONTinuous bit in the timer 
control register is cleared, the timer ENable bit will 
automatically be cleared at the end of the timer cycle. 
This means that any additional transitions on the input 
pin will be ignored by the timer. If the CONTinuous bit 
in the timer control register is set, the timer will reset to 
zero and begin another timing cycle for every low-to- 
high transition on the input pin, regardless of whether 
the timer had reached the end of a timer cycle, because 
the timer ENable bit would not have been cleared at the 
end of the timing cycle. The timer will also continue 
counting at the end of a timer cycle, whether or not an- 
other transition has occurred on the input pin. An exam- 
ple use of the timer in this mode is an alarm clock time 
out signal or interrupt. 
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5.5 Timer Output Pin Operation 

Timers 0 and 1 each contain a single timer output pin. 
This pin can perform two functions at programmer op- 
tion. The first is a single pulse indicating the end of a 
timing cycle. The second is a level indicating the maxi- 
mum count register currently being used. The timer out- 
puts operate as outlined below whether internal or 
external clocking of the timer is used. If external clock- 
ing is used, however, the user should remember that the 
time between an external transition on the timer input 
pin and the time this transition is reflected in the timer 
out pin will vary depending on when the input transition 
occurs relative to the timer’s being serviced by the 
counter element. 

When the timer is in single maximum count register 
mode (the ALTernate bit in the timer control register is 
cleared) the timer output pin will go low for a single 
CPU clock the clock after the timer is serviced by the 
counter element where maximum count is reached (see 
Figure 44). This mode is useful when using the timer as 


a baud rate generator. 

When the timer is programmed in dual maximum count 
register mode (the ALTernate bit in the timer control 
register is set), the timer output pin indicates which 
maximum count register is being used. It is low if maxi- 
mum count register B is being used for the current 
count, high if maximum count register A is being used. 
If the tinker is programmed in continuous mode (the 
CONTinuous bit in the timer control register is set), this 
pin could generate a Waveform of any duty cycle. For ex- 
ample, if maximum count register A contained 10 and 
maximum count register B contained 20, a 33% duty cy- 
cle waveform would be generated. 

5.6 Sample 80186 Timer Applications 

The 80186 timers can be used for almost any application 
for which a discrete timer circuit would be used. These 
include real time clocks, baud rate generators, or event 
counters. 


TIMER 0 SERVICED 



Figure 44. 80186 Timer Out Signal 



Figure 45. 80186 Real Time Clock Figure 46. 80186 Baud Rate Generator 


3-581 


210973-003 
















AP-186 



Figure 47. 


5.6.1 80186 TIMER REALTIME CLOCK 

The sample program in appendix D shows the 80186 
timer being used with the 80186 CPU to form a real 
time clock. In this implementation, timer 2 is pro- 
grammed to provide an interrupt to the CPU every milli- 
second. The CPU then increments memory based clock 
variables. 

5.6.2 80186 TIMER BAUD RATE GENERATOR 

The 80186 timers can also be used as baud rate gener- 
ators for serial communication controllers (e.g., the 
8274). Figure 46 shows this simple connection, and the 


code to program the timer as a baud rate generator is in- 
cluded in appendix D. 

5.6.3 80186 TIMER EVENT COUNTER 

The 80186 timer can be used to count events. Figure 47 
shows a hypothetical set up in which the 80186 timer 
will count the interruptions ih a light source. The num- 
ber of interruptions can be read directly from the count 
register of the timer, since the timer counts up, i.e., each 
interruption in the light source will cause the timer 
count value to increase. The code to set up the 80186 
timer in this mode is included in appendix D. 


TIMER TIMER TIMER DMA DMA 



Figure 48. 80186 Interrupt Controller Block Diagram 
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6. 80186 INTERRUPT CONTROLLER 
INTERFACING 

The 80186 contains an integrated interrupt controller. 
This unit performs tasks of the interrupt controller in a 
typical system. These include synchronization of inter- 
rupt requests, priortization of interrupt requests, and re- 
quest type vectoring in response to a CPU interrupt 
acknowledge. It can be a master to two external 8259A 
interrupt controllers or can be a slave to an external in- 
terrupt controller to allow compatibility with the iRMX 
86 operating system, and the 80130/80150 operating 
system firmware chips. 

6.1 Interrupt Controller Model 

The integrated interrupt controller block diagram is 
shown in Figure 48. It contains registers and a control 
element. Four inputs are provided for external interfac- 
ing to the interrupt controller. Their functions change 
according to the programmed mode of the interrupt con- 
troller. Like the other 80186 integrated peripheral regis- 
ters, the interrupt controller registers are available for 
CPU reading or writing at any time. 

6.2 Interrupt Controller Operation 

The interrupt controller operates in two major modes, 
non-iRMX 86 mode (referred to henceforth as master 
mode), and iRMX 86 mode. In master mode the inte- 
grated controller acts as the master interrupt controller 
for the system, while in iRMX 86 mode the controller 


operates as a slave to an external interrupt controller 
which operates as the master interrupt controller for the 
system. Some of the interrupt controller registers and in- 
terrupt controller pins change definition between these 
two modes, but the basic charter and function of the in- 
terrupt controller remains fundamentally the same. The 
difference is when in master mode, the interrupt control- 
ler presents its interrupt input directly to the 80186 
CPU, while in iRMX 86 mode the interrupt controller 
presents its interrupt input to an external controller 
(which then presents its interrupt input to the 80186 
CPU). Placing the interrupt controller in iRMX 86 
mode is done by setting the iRMX mode bit in the pe- 
ripheral control block pointer (see appendix A). 

6.3 Interrupt Controller Registers 

The interrupt controller has a number of registers which 
are used to control its operation (see Figure 49). Some of 
these change their function between the two major 
modes of the interrupt controller (master and iRMX 86 
mode). The differences are indicated in the following 
section. If not indicated, the function and implementa- 
tion of the registers is the same in the two basic modes of 
operation of the interrupt controller. The method of in- 
teraction among the various interrupt controller regis- 
ters is shown in the flowcharts in Figures 57 and 58. 

6.3.1 CONTROL REGISTERS 

Each source of interrupt to the 80186 has a control regis- 
ter in the internal controller. These registers contain 


MASTER MODE OFFSET ADDRESS ,RMX86™ Mode 


INT3 CONTROL REGISTER 

3EH 

© 

INT2 CONTROL REGISTER 

3CH 

© 

INTI CONTROL REGISTER 

3AH 

TIMER 2 CONTROL REGISTER 

INTO CONTROL REGISTER 

38H 

TIMER 1 CONTROL REGISTER 

DMA1 CONTROL REGISTER 


DMA1 CONTROL REGISTER 

DMA0 CONTROL REGISTER 

34H 

DMA0 CONTROL REGISTER 

TIMER CONTROL REGISTER 

32H 

TIMER 0 CONTROL REGISTER 

INTERRUPT CONTROLLER STATUS REGISTER 

30H 

INTERRUPT CONTROLLER STATUS REGISTER 

INTERRUPT REQUEST REGISTER 

2EH 

INTERRUPT REQUEST REGISTER 

IN-SERVICE REGISTER 

2CH 

IN SERVICE REGISTER 

PRIORITY MASK REGISTER 

2AH 

PRIORITY MASK REGISTER 

MASK REGISTER 

28H 

MASK REGISTER 

POLL STATUS REGISTER 

26H 

_©_ 

POLL REGISTER 

24H 

© 

EOI REGISTER 

22H 

SPECIFIC EOI REGISTER 

® 

20H 

INTERRUPT VECTOR REGISTER 


1 . Unsupported in this mode: values written may or may not be stored 


Figure 49. 80186 Interrupt Controller Registers 
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BIT® 

MODE® 
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1 . This bit present only in INT0-INT3 control registers 

2. These bits present only in INT0-INT1 control register 


Figure 50. Interrupt Controller Control Register 
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Figure 51. 80186 Interrupt Controller In-Service, Interrupt Request and Mask Register Format 


three bits which select one of eight different interrupt 
priority levels for the interrupt device (0 is highest prior- 
ity, 7 is lowest priority), and a mask bit to enable the in- 
terrupt (see Figure 50). When the mask bit is low, the 
interrupt is enabled, when it is high, the interrupt is 
masked. 

There are seven control registers in the 80186 integrated 
interrupt controller. In master mode, four of these serve 
the external interrupt inputs, one each for the two DMA 
channels, and one for the collective timer interrupts. In 
iRMX 86 mode, the external interrupt inputs are not 
used, so each timer can have its own individual control 
register. 


6.3.2 REQUEST REGISTER 

The interrupt controller includes an interrupt request 
register (see Figure 51). This register contains seven ac- 
tive bits, one for each interrupt control register. When- 
ever an interrupt request is made by the interrupt source 
associated with a specific control register, the bit in in- 
terrupt request register is set, regardless if the interrupt 
is enabled, or if it is of sufficient priority to cause a pro- 
cessor interrupt. The bits in this register which are asso- 
ciated with integrated peripheral devices (the DMA and 
timer units) can be read or written, while the bits in this 
register which are associated with the external interrupt 
pins can only be read (values written to them are not 
stored). These interrupt request bits are automatically 
cleared when the interrupt is acknowledged. 


6.3.3 MASK REGISTER AND PRIORITY 
MASK REGISTER 

The interrupt controller contains a mask register (see 
Figure 51). This register contains a mask bit for each in- 
terrupt source associated with an interrupt control regis- 
ter. The bit for an interrupt source in the mask register is 
identically the same bit as is provided in the interrupt 
control register: modifying a mask bit in the control reg- 
ister will also modify it in the mask register, and vice 
versa. 

The interrupt controller also contains a priority mask 
register (see Figure 52). This register contains three bits 
which indicate the lowest priority an interrupt may have 
that will cause an interrupt acknowledge. Interrupts 
received which have a lower priority will be effectively 
masked off. Upon reset this register is set to the lowest 
priority of 7 to enable all interrupts of any priority. This 
register may be read or written. 


15 ____ _ _ 





XX XXX 

P2 

PI 

P0 


L 







Figure 52. 80186 Interrupt Controller Priority 
Mask Register Format 


6.3.4 IN-SERVICE REGISTER 

The interrupt controller contains an in-service register 
(see Figure 51). A bit in the in-service register is associ- 
ated with each interrupt control register so that when an 
interrupt request by the device associated with the con- 
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trol register is acknowledged by the processor (either by 
the processor running the interrupt acknowledge or by 
the processor reading the interrupt poll register) the bit 
is set. The bit is reset when the CPU issues an End Of 
Interrupt to the interrupt controller. This register may 
be both read and written, i.e., the CPU may set in-ser- 
vice bits without an interrupt ever occurring, or may re- 
set them without using the EOI function of the interrupt 
controller. 

6.3.5 POLL AND POLL STATUS REGISTERS 

The interrupt controller contains both a poll register and 
a poll status register (see Figure 53). Both of these regis- 
ters contain the same information. They have a single bit 
to indicate an interrupt is pending. This bit is set if an 
interrupt of sufficient priority has been received. It is 
automatically cleared when the interrupt is acknowl- 
edged. If (and only if) an interrupt is pending, they also 
contain information as to the interrupt type of the high- 
est priority interrupt pending. 


15 o 


INT 

REQ 

X 

X 

X 

X 

S4 

S3 

S2 

SI 

SO 


S0-S4 = interrupt type 


Figure 53. 80186 Poll & Poll Status 
Register Format 

Reading the poll register will acknowledge the pending 
interrupt to the interrupt controller just as if the proces- 


sor had acknowledged the interrupt through interrupt 
acknowledge cycles. The processor will not actually run 
any interrupt acknowledge cycles, and will not vector 
through a location in the interrupt vector table. Only the 
interrupt request, in-service and priority mask registers 
in the interrupt controller are set appropriately. Reading 
the poll status register will merely transmit the status of 
the polling bits without modifying any of the other inter- 
rupt controller registers. These registers are read only: 
data written to them is not stored. These registers are 
not supported in iRMX 86 mode. The state of the bits in 
these registers in iRMX 86 mode is not defined. 

6.3.6 END OF INTERRUPT REGISTER 

The interrupt controller contains an End Of Interrupt 
register (see Figure 54). The programmer issues an End 
Of Interrupt to the controller by writing to this register. 
After receiving the End Of Interrupt, the interrupt 
controller automatically resets the in-service bit for the 
interrupt. The value of the word written to this register 
determines whether the End Of Interrupt is specific or 
non-specific. A non-specific End Of Interrupt is specified 
by setting the non-specific bit in the word written to the 
End Of Interrupt register. In a non-specific End Of 
Interrupt, the in-service bit of the highest priority interrupt 
set is automatically cleared, while a specific End Of 
Interrupt allows the in-service bit cleared to be explicitly 
specified. The in-service bit is reset whether the bit was set 
by an interrupt acknowledge or if it was set by the CPU 
writing the bit directly to the in-service register. If the 
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SPEC/ S0-S4 = interrupt type 
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L0-L2 = interrupt priority level 




Figure 54. 80186 End of Interrupt Register Format 
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Figure 55. 80186 Interrupt Status Register Format 
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Figure 56. 80186 Interrupt Vector Register Format (iRMX 86 mode only) 
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highest priority interrupt is reset, the priority mask 
register bits will change to reflect the, next lowest priority 
interrupt to be serviced. If a less than highest priority 
interrupt in-service bit is reset, the priority mask register 
bits will not be modified (because the highest priority 
interrupt being serviced has not changed). Only the 
specific EOI is supported in iRMX 86 mode. This register 
is write only: data written is not stored and cannot be 
read back. 

6.3.7 INTERRUPT STATUS REGISTER 

The interrupt controller also contains an interrupt status 
register (see Figure 55). This register contains four sig- 
nificant bits. There are three bits used to show which 
timer is causing an interrupt. This is required because in 
master mode, the timers shar6 a single interrupt control 
register. A bit in this register is set to indicate which tim- 
er has generated an interrupt. The bit associated with a 
timer is automatically cleared after the interrupt re- 
quest for the timer is acknowledged. More than one of 
these bits may be set at a time. The fourth bit in the in- 
terrupt status register is the DMA halt bit. When set, 
this bit prevents any DMA activity. It is automatically 
set whenever a NMI is received by the interrupt control- 
ler. It can also be set explicitly by the programmer. This 
bit is automatically cleared whenever the IRET instruc- 
tion is executed. All significant bits in this register are 
read/ write. 

6.3.8 INTERRUPT VECTOR REGISTER 

Finally, in iRMX 86 mode only, the interrupt controller 
contains an interrupt vector register (see Figure 56). 
This register is used to specify the 5 most significant bits 
of the interrupt type vector placed on the CPU bus in re- 
sponse to an interrupt acknowledgement (the lower 3 
significant bits of the interrupt type are determined by 
the priority level of the device causing the interrupt in 
iRMX 86 mode), 

6.4 Interrupt Sources 

The 80186 interrupt controller receives and arbitrates 
among many different interrupt request sources, both 
internal and external. Each interrupt source may be pro- 
grammed to be a different priority level in the interrupt 
controller. An interrupt request generation flow chart is 
shown in Figure 57. Such a flowchart would be followed 
independently by each interrupt source. 

6.4.1 INTERNAL INTERRUPT SOURCES 

The internal interrupt sources are the three timers and 
the two DMA channels. An interrupt from each of these 
interrupt sources is latched in the interrupt controller, so 
that if the condition causing the interrupt is cleared in 
the originating integrated peripheral device, the inter- 
rupt request will remain pending in the interrupt con- 
troller. The state of the pending interrupt can be 
obtained by reading the interrupt request register of the 


interrupt controller. For all internal interrupts, the 
latched interrupt request can be reset by the processor 
by writing to the interrupt request register. Note that all 
timers share a common bit in the interrupt request regis- 
ter in master mode. The interrupt controller status regis- 
ter may be read to determine which timer is actually 
causing the interrupt request in this mode. Each timer 
has a unique interrupt vector (see section 6.5.1). Thus 
polling is not required to determine which timer has 
caused the interrupt in the interrupt service routine. 
Also, because the timers share a common interrupt con- 
trol register, they are placed at a common priority level 
as referenced to all other interrupt devices. Among 
themselves they have a fixed priority, with timer 0 as the 
highest priority timer and timer 2 as the lowest priority 
timer. 

6.4.2 EXTERNAL INTERRUPT SOURCES 

The 80186 interrupt controller will accept external in- 
terrupt requests only when it is programmed in master 
mode. In this mode, the external pins associated with the 
interrupt controller may serve either as direct interrupt 
inputs, or as cascaded interrupt inputs from other inter- 
rupt controllers as a programmed option. These options 
are selected by programming the C and SFNM bits in 
the INTO and INTI control registers (see Figure 50). 

When programmed as direct interrupt inputs, the four 
interrupt inputs are each controlled by an individual in- 
terrupt control register. As stated earlier, these registers 
contain 3 bits which select the priority level for the inter- 
rupt and a single bit which enables the interrupt source 
to the processor. In addition each of these control regis- 
ters contains a bit which selects either edge or level trig- 
gered mode for the interrupt input. When edge triggered 
mode is selected, a low-to-high transition must occur on 
the interrupt input before an interrupt is generated, 
while in level triggered mode, only a high level needs to 
be maintained to generate an interrupt. In edge trig- 
gered mode, the input must remain low at least 1 clock 
cycle before the input is “re-armed.” In both modes, the 
interrupt level must remain high until the interrupt is 
acknowledged, i.e., the interrupt request is not latched 
in the interrupt controller. The status of the interrupt in- 
put can be shown by reading the interrupt request regis- 
ter. Each of the external pins has a bit in this register 
which indicates an interrupt request on the particular 
pin. Note that since interrupt requests on these inputs 
are not latched by the interrupt controller, if the external 
input goes inactive, the interrupt request (and also the 
bit in the interrupt request register) will also go inactive 
(low). Also, if the interrupt input is in edge triggered 
mode, a low-to-high transition on the input pin must oc- 
cur before the interrupt request bit will be set in the in- 
terrupt request register. 

If the C (Cascade) bit of the INTO or INTI control reg- 
isters are set, the interrupt input is cascaded to an exter- 
nal interrupt controller. In this mode, whenever the 
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Figure 57. 80186 interrupt Request Sequencing 


interrupt presented to the INTO or INTI line is ac- 
knowledged, the integrated interrupt controller will not 
provide the interrupt type for the interrupt. Instead, two 
INTA bus cycles will be run, with the INT2 and INT3 
lines providing the interrupt acknowledge pulses for the 
INTO and the INTI interrupt requests respectively. IN- 
T0/INT2 and INT1/INT3 may be individually pro- 
grammed into cascade mode. This allows 128 
individually vectored interrupt sources if two banks of 9 
external interrupt controllers each are used. 

6.4.3 iRMX™ 86 MODE INTERRUPT SOURCES 

When the interrupt controller is configured in iRMX 86 
mode, the integrated interrupt controller accepts inter- 


rupt requests only from the integrated peripherals. Any 
external interrupt requests must go through an external 
interrupt controller. This external interrupt controller 
requests interrupt service directly from the 80186 CPU 
through the INTO line on the 80186, In this mode, the 
function of this line is not affected by the integrated in- 
terrupt controller. In addition, in iRMX 86 mode the in- 
tegrated interrupt controller must request interrupt 
service through this external interrupt controller. This 
interrupt request is made on the INT3 line (see section 
6.7.4 on external interrupt connections). 

6.5 Interrupt Response 

The 80186 can respond to an interrupt in two different 
ways. The first will occur if the internal controller is pro- 
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1 . Before actual interrupt acknowledge is run by CPU 

2. Two interrupt acknowledge cycles will be run, the interrupt type is read by 
the CPU on the second cycle 

3. Interrupt acknowledge cycles will not be run, the interrupt vector address is 
placed on an internal bus and is not available outside the processor 

4. Interrupt type is not driven on external bus in iRMX86 mode 


Figure 58. 80186 Interrupt Acknowledge Sequencing 


viding the interrupt vector information with the control- 
ler in master mode. The second will occur if the CPU 
reads interrupt type information from an external inter- 
rupt controller or if the interrupt controller is in iRMX 
86 mode. In both of these instances the interrupt vector 
information driven by the 80186 integrated interrupt 
controller is not available outside the 80186 
microprocessor. 


In each interrupt mode, when the integrated interrupt 
controller receives an interrupt response, the interrupt 
controller will automatically set the in-service bit and 
reset the interrupt request bit in the integrated controller. 
In addition, unless the interrupt control register for the 
interrupt is set in Special Fully Nested Mode, the 
interrupt controller will prevent any interrupts from 
occurring from the same interrupt line until the in-service 
bit for that line has been cleared. 


6.5.1 INTERNAL VECTORING, MASTER MODE 

In master mode, the interrupt types associated with all 
the interrupt sources are fixed and unalterable. These 
interrupt types are given in Table 5. In response to an in- 
ternal CPU interrupt acknowledge the interrupt con- 
troller will generate the vector address rather than the 
interrupt type. On the 80186 (like the 8086) the inter- 
rupt vector address is the interrupt type multiplied by 4. 
This speeds interrupt response. 

In master mode, the integrated interrupt controller is 
the master interrupt controller of the system. As a re- 
sult, no external interrupt controller need know when 
the integrated controller is providing an interrupt vector, 
nor when the interrupt acknowledge is taking place. As a 
resiilt, no interrupt acknowledge bus cycles will be gen- 
erated. The first external indication that an interrupt 
has been acknowledged will be the processor reading the 
interrupt vector from the interrupt vector table in low 
memory. 
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Table 5. 80186 Interrupt Vector Types 


Interrupt 

Name 

Vector 

Type 

Default 

Priority 

timer 0 

8 

Oa 

timer 1 

18 

Ob 

timer 2 

19 

Oc 

DMA 0 

10 

2 

DMA 1 

11 

3 

INTO 

12 

4 

INT 1 

13 

5 

INT 2 

14 

6 

INT 3 

15 

7 


Because the two interrupt acknowledge cycles are not 
run, and the interrupt vector address does not need be be 
calculated, interrupt response to an internally vectored 
interrupt is 42 clock cycles, which is faster then the in- 
terrupt response when external vectoring is required, or 
if the interrupt controller is run in iRMX 86 mode. 

If two interrupts of the same programmed priority occur, 
the default priority scheme (as shown in table 5) is used. 


6.5.2 INTERNAL VECTORING, iRMX™ 86 MODE 

In iRMX 86 mode, the interrupt types associated with 
the various interrupt sources are alterable. The upper 5 
most significant bits are taken from the interrupt vector 
register, and the lower 3 significant bits are taken from 
the priority level of the device causing the interrupt. Be- 
cause the interrupt type, rather than the interrupt vector 
address, is given by the interrupt controller in this mode 
the interrupt vector address must be calculated by the 
CPU before servicing the interrupt. 

In iRMX 86 mode, the integrated interrupt controller 
will present the interrupt type to the CPU in response to 
the two interrupt acknowledge bus cycles run by the pro- 
cessor. During the first interrupt acknowledge cycle, the 
external master interrupt controller determines which 
slave interrupt controller will be allowed to place its in- 
terrupt vector on the microprocessor bus. During the 
second interrupt acknowledge cycle, the processor reads 
the interrupt vector from its bus. Thus, these two inter- 
rupt acknowledge cycles must be run, since the integrat- 
ed controller will present the interrupt type information 
only when the external interrupt controller signals the 
integrated controller that it hds the highest pending in- 
terrupt request (see Figure 59). The 80186 samples the 



1. SLAVE SELECT = INTI 

2. INTA = INT2 

3. Driven bv extern al interrupt controller 

4. SLAVE SELECT must be driven before Phase 2 of T 2 of the second INTA 

cycle 

5. SLAVE SELECT read by 801 86 


Figure 59. 80186 iRMX-86 Mode Interrupt Acknowledge Timing 


) 


3-589 


210973-003 







AP-186 


inteT 



Figure 60. 80186 Cascaded Interrupt Acknowledge Timing 


SLAVE SELECT line during the falling edge of the 
clock at the beginning of T 3 of the second interrupt ac- 
knowledge cycle. This input must be stable 20ns before 
and 10ns after this edge. 

These two interrupt acknowledge cycles will be ru n back 
to back, and will be LOCKED with the LOCK output 
active (meaning that DMA requests and HOLD re- 
quests will not be honored until both cycles have been 
run). Note that the two interrupt acknowledge cycles 
will always be separated by two idle T states, and that 
wait states will be inserted into the interrupt acknowl- 
edge cycle if a ready is not returned by the processor bus 
interface. The two idle T states are inserted to allow 
compatibility with the timing requirements of an exter- 
nal 8259A interrupt controller. 

Because the interrupt acknowledge cycles must be run in 
iRMX 86 mode, even for internally generated vectors, 
and the integrated controller presents an interrupt type 
rather than a vector address, the interrupt response time 
here is the same as if an externally vectored interrupt 
was required, namely 55 CPU clocks. 


6.5.3 EXTERNAL VECTORING 

External interrupt vectoring occurs whenever the 80186 
interrupt controller is placed in cascade mode, special 
fully nested mode, or iRMX 86 mode (and the integrat- 
ed controller is not enabled by the external master inter- 
rupt controller). In this mode, the 80186 generates two 
interrupt acknowledge cycles, reading the interrupt type 


off the lower 8 bits of the address/data bus on the second 
interrupt acknowledge cycle (see Figure 60). This inter- 
rupt response is exactly the same as the 8086, so that the 
8 259 A interrupt controller can be Used exactly as it 
would in an 8086 system. Notice that the two interrupt 
acknowledge cycles are LOCKED, and that two idle T- 
states are always inserted between the two interrupt ac- 
knowledge bus cycles, and that wait states will be 
inserted in the interrupt acknowledge cycle if a ready is 
not returned to the processor. Also notice that the 80186 
provides two interrupt acknowledge signals, one for in- 
terrupts signaled by the INTO line, and one fo r inter- 
rupts signa led by t he INTI line (on the INT2/INTA0 
and INT3/INTA1 lines, respectively). These two inter- 
rupt acknowledge signals are mutually exclusive. Inter- 
rupt acknowledge status will be dr iven on t he status lines 
(S0-S2) when either INT2/INTA0 or INT3/ 
INTA1 signal an interrupt acknowledge. 


6.6 interrupt Controller External 
Connections 

The four interrupt signals can be programmably config- 
ured into 3 major options. These are direct interrupt in- 
puts (with the integrated controller providing the 
interrupt vector), cascaded (with an external interrupt 
controller providing the interrupt vector), or iRMX 86 
mode. In all these modes, any interrupt presented to the 
external lines must remain set until the interrupt is 
acknowledged. 
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6.6.1 DIRECT INPUT MODE 

When the Cascade mode bits are cleared, the interrupt 
input lines are configured as direct interrupt input lines 
(see Figure 61). In this mode an interrupt source (e.g., 
an 8272 floppy disk controller) may be directly connect- 
ed to the interrupt input line. Whenever an interrupt is 
received on the input line, the integrated controller will 
do nothing unless the interrupt is enabled, and it is the 
highest priority pending interrupt. At this time, the in- 
terrupt controller will present the interrupt to the CPU 
and wait for an interrupt acknowledge. When the ac- 
knowledge occurs, it will present the interrupt vector ad- 
dress to the CPU. In this mode, the CPU will not run any 
interrupt acknowledge cycles. 


1 

80186 



INTO 

INTERRUPT 


INTI 

SOURCES 


INT2 



INT3 


Figure 61. 80186 Non-Cascaded 
Interrupt Connection 


These lines can be individually programmed in either 
edge or level triggered mode using their respective con- 
trol registers. In edge triggered mode, a low-to-high 
transition must occur before the interrupt will be gener- 
ated to the CPU, while in level triggered mode, only a 
high level must be present on the input for an interrupt 
to be generated. In edge trigger mode, the interrupt in- 
put must also be low for at least 1 CPU clock cycle to 
insure recognition. In both modes, the interrupt input 
must remain active until acknowledged. 

6.6.2 CASCADE MODE 

When the Cascade mode bit is set and the SFNM bit is 
cleared, the interrupt input lines are configured in cas- 
cade mode. In this mode, the interrupt input line is 
paired w ith an inte rrupt ac knowledge line. The INT2/ 
INTAO and INT3/INTA1 lines are dual purpose; they 
can function as direct input lines, or the y can fu nction as 
interrupt acknowledge outputs. INT2/INTA0 provides 
the in terrupt acknowledge for an INTO input, and 
INT3/INTA1 provides the interrupt acknowledge for 
an INTI input. Figure 62 shows this connection. 

When programmed in this mode, in response to an inter- 
rupt request on the INTO line, the 80186 will provide 
two interrupt acknowl edge pul ses. These pulses will be 
provided on the INT2/ INTAO line, and will also be re- 
flected by interrupt acknowledge status being generated 


on the S0-S2 status lines. On the second pulse, the inter- 
rupt type will be read in. The 80186 externally vectored 
interrupt response is covered in more detail in section 
6.5. 



Figure 62. 80186 Cascade and Special Fully 
Nested Mode Interface 


INT0/INT2/INTA0 and INT1/INT3/INTA1 may be 
individually programmed into interrupt re- 
quest/acknowledge pairs, or program med as d irect in- 
puts. This means that INT0/INT2/INTA0 may be 
programmed as a n interr upt /acknowledge pair, while 
INTI and INT3/INTA1 each provide separate inter- 
nally vectored interrupt inputs. 

When an interrupt is received on a cascaded interrupt, 
the priority mask bits and the in-service bits in the par- 
ticular interrupt control register will be set into the in- 
terrupt controller’s mask and priority mask registers. 
This will prevent the controller from generating an 
80186 CPU interrupt request from a lower priority in- 
terrupt. Also, since the in-service bit is set, any subse- 
quent interrupt requests on the particular interrupt 
input line will not cause the integrated interrupt control- 
ler to generate an interrupt request to the 80186 CPU. 
This means that if the external interrupt controller re- 
ceives a higher priority interrupt request on one of its in- 
terrupt request lines and presents it to the 80186 
interrupt request line, it will not subsequently be pre- 
sented to the 80186 CPU by the integrated interrupt 
controller until the in-service bit for the interrupt line 
has been cleared. 

6.6.3 SPECIAL FULLY NESTED MODE 

When both the Cascade mode bit and the SFNM bit are 
set, the interrupt input lines are configured in Special 
Fully Nested Mode. The external interface in this mode 
is exactly as in Cascade Mode. The only difference is in 
the conditions allowing an interrupt from the external 
interrupt controller to the integrated interrupt control- 
ler to interrupt the 80186 CPU. 

When an interrupt is received from a special fully nested 
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mode interrupt line, it will interrupt the 80186 CPU if it 
is the highest priority interrupt pending regardless of the 
state of the in-service bit for the interrupt source in the 
interrupt controller. When an interrupt is acknowledged 
from a special fully nested mode interrupt line, the pri- 
ority*' mask bits and the in-service bits in the particular 
interrupt control register will be set into the interrupt 
controller’s in-service and priority mask registers. This 
will prevent the interrupt controller from generating an 
80186 CPU interrupt request from a lower priority in- 
terrupt. Unlike cascade mode, however, the interrupt 
controller will not prevent additional interrupt requests 
generated by the same external interrupt controller 
from interrupting the 80186 CPU. This means that if 
the external (cascaded) interrupt controller receives a 
higher priority interrupt request on one of its interrupt 
request lines and presents it to the integrated control- 
ler’s interrupt request line, it may cause an interrupt to 
be generated to the 80186 CPU, regardless of the state 
of the in-service bit for the interrupt line. 

If the SFNM mode bit is set and the Cascade mode bit is 
not also set, the controller will provide internal interrupt 
vectoring. It will also ignore the state of the in-service bit 
in determining whether to present an interrupt request 
to the CPU. In other words, it will use the SFNM condi- 
tions of interrupt generation with an internally vectored 
interrupt response, i.e., if the interrupt pending is the 
highest priority type pending, it will cause a CPU inter- 
rupt regardless of the state of the in-service bit for the 
interrupt. 

6.6.4 iRMX™ 86 MODE 

When the RMX bit in the peripheral relocation register 
is set, the interrupt controller is set into iRMX 86 mode. 


In this mode, all four interrupt controller input lines are 
used to perform the necessary handshaking with the ex- 
ternal master interrupt controller. Figure 63 shows the 
hardware configuration of the 80186 interrupt lines 
with an external controller in iRMX 86 mode. 



Figure 63. 80186 iRMX86 Mode interface 


Because the integrated interrupt controller is a slave 
controller, it must be able to generate an interrupt input 
for an external interrupt controller. It also must be sig- 
naled when it has the highest priority pending interrupt 
to know when to place its interrupt vector on the bus. 
These two signals are pro vided by the INT3 /Slave In- 
terrupt Output and INTI /Slave Select lines, respective- 
ly. The external master interrupt controller must be able 
to interrupt the 80186 CPU, and needs to know when the 
interru pt requ est is acknowledged. The INTO and 
INT2/INTA0 lines provide these two functions. 



Figure 64. 80186/8259A Interrupt Cascading 

3-592 


210973-003 









AP-186 


inW’ 


6.7 Example 8259A/Cascade Mode 
Interface 

Figure 64 shows the 80186 and 8259A in cascade inter- 
rupt mode. The code to initialize the 80186 interrupt 
controller is given in Appendix E. Notice that an “inter- 
rupt ready” signal must be returned to the 80186 to pre- 
vent the generation of wait states in response to the 
interrupt acknowledge cycles. In this configuration the 
INTO and INT2 lines are used as direct interrupt input 
lines. Thus, this configuration provides 10 external in- 
terrupt lines: 2 provided by the 80186 interrupt control- 
ler itself, and 8 from the external 8259A. Also, the 
8259A is configured as a master interrupt controller. It 
will only receive interrupt acknowledge pulses in re- 
sponse to an interrupt it has generated. It may be cas- 
caded again to up to 8 additional 8259As (each of which 
would be configured in slave mode). 

6.8 Example 80130 iRMX™ 86 Mode 
Interface 

Figure 65 shows the 80186 and 80130 connected in 
iRMX 86 mode. In this mode, the 80130 interrupt con- 
troller is the master interrupt controller of the system. 


The 80186 generates an interrupt request to the 80130 
interrupt controller when one of the 80186 integrated 
peripherals has created an interrupt condition, and that 
condition is sufficient to generate an interrupt from the 
80186 integrated interrupt controller. Note that the 
80130 decodes the interrupt acknowledge status directly 
from the 80186 status lines; thus, the INT2/INTA0 
line of the 80186 need not be connected to the 80130. 
Figure 65 uses this interrupt acknowledge signal to en- 
able the cascade address decoder. The 80130 drives the 
cascade address on AD8-AD10 during T t of the second 
interrupt acknowledge cycle. This cascade address is 
latched into the system address latches, and if the proper 
cascade addr ess is decoded by the 8205 decoder, the 
80186 INTI/SLAVE SELECT line will be driven ac- 
tive, enabling the 80186 integrated interrupt controller 
to place its interrupt vector on the internal bus. The code 
to configure the 80186 into iRMX 86 mode is presented 
in appendix E. 

6.9 Interrupt Latency 

Interrupt latency time is the time from when the 80186 
receives the interrupt to the time it begins to respond to 
the interrupt. This is different from interrupt response 



Figure 65. 80186/80130 iRMX86 Mode Interface 
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time, which is the time from when the processor actually 
begins processing the interrupt to when it actually ex- 
ecutes the first instruction of the interrupt service rou- 
tine, The factors affecting interrupt latency are the 
instruction being executed and the state of the interrupt 
enable flip-flop. 

Interrupts will be acknowledged only if the interrupt en- 
able flip-flop in the CPU is set. Thus, interrupt latency 
will be very long indeed if interrupts are never enabled 
by the processor! 

When interrupts are, enabled in the CPU, the interrupt 
latency is a function of the instructions being executed. 
Only repeated instructions will be interrupted before be- 
ing completed, and those only between their respective 
iterations. This means that the interrupt latency time 
could be as long as 69 CPU clocks, which is the time it 
takes the processor to execute an integer divide instruc- 
tion (with a segment override prefix, see below), the 
longest single instruction on the 80186. 

Other factors can affect interrupt latency. An interrupt 
will not be accepted between the execution of a prefix 
(such as segment override prefixes and lock prefixes) 
and the instruction. In addition, an interrupt will not be 
accepted between an instruction which modifies any of 
the segment registers and the instruction immediately 
following the instruction. This is required to allow the 
stack to be changed. If the interrupt were accepted, the 
return address from the interrupt would be placed on a 
stack which was not valid (the Stack Segment register 
would have been modified but the Stack Pointer register 
would not have been). Finally, an interrupt will not be 
accepted between the execution of the WAIT instr uction 
and the instruction immediately followi ng it if the TEST 
input is active. If the WAIT sees the TEST input in- 
active, however, the interrupt will be accepted, and the 
WAIT will be re-executed after the interrupt return. 
This is required, since the WAIT is used to prevent ex- 
ecution by the 80186 of an 8087 instruction while the 
8087 is busy. 


7. CLOCK GENERATOR 

The 80186 includes a clock generator which generates 
the main clock signal for all 80186 integrated compo- 
nents, and all CPU synchronous devices in the 80186 
system. This clock generator includes a crystal oscilla- 
tor, divide by two counter, reset circuitry, and ready gen- 
eration logic. A block diagram of the clock generator is 
shown in Figure 66. 


7.1 Crystal Oscillator 

The 80186 crystal oscillator is a parallel resonant, 
Pierce oscillator. It was designed to be used as shown in 
Figure 67. The capacitor values shown are approximate. 
As the crystal frequency drops, they should be in- 
creased, so that at the 4 MHz minimum crystal frequen- 
cy supported by the 80186 they take on a value of 30pF. 
The output of this oscillator is not directly available out- 
side the 80186. 


The following parameters may be used for choosing a 
crystal: 

Temperature Range: 0 to 70° C 

ESR (Equivalent Series Resistance): 300 max 

C 0 (Shunt Capacitance of Crystal): 7.0 pf max 

Ct (Load Capacitance): 20 pf ± 2 pf 

Drive Level: 1 mw max 



Figure 67. 80186 Crystal Connection 



Figure 66. 80186 Clock Generator Block Diagram 
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Figure 68. 80186 Clock Generator Reset 


7.2 Using an External Oscillator 

An external oscillator may be used with the 80186. The 
external frequency input (EFI) signal is connected di- 
rectly to the XI input of the oscillator. X2 should be left 
open. This oscillator input is used to drive an internal di- 
vide-by-two counter to generate the CPU clock signal, 
so the external frequency input can be of practically any 
duty cycle, so long as the minimum high and low times 
for the signal (as stated in the data sheet) are met. 

7.3 Clock Generator 

The output of the crystal oscillator (or the external fre- 
quency input) drives a divide by two circuit which gener- 
ates a 50% duty cycle clock for the 80186 system. All 
80186 timing is referenced to this signal, which is avail- 
able on the CLKOUT pin of the 80186. This signal witl 
change state on the high-to-low transition of the EFI 
signal. 

7.4 Ready Generation 

The clock generator also includes the circuitry required 
for ready generation. Interfacing to the SRDY and 
ARDY inputs this provides is covered in section 3.1.6. 

7.5 Reset 

The 80186 clock generator also provides a synchronized 
reset signal for the sy stem. This signal is generated from 
the reset input (RES) to the 80186. The clock generator 
synchronizes this signal to the clockout signal. 

The reset input signal also resets the divide-by-two 
counter. A one clock cycle internal clear pulse is gener- 
ated when the RES input signal first goes active. This 
clear pulse goes active beginning on the first low-to-high 
transition of the XI input after RES goes active, and 
goes inactive on the next low-to-high transition of the XI 
input. In order to insure t hat th e clear pulse is generated 
on the next EFI cycle, the RES input signal must satisfy 
a 25ns setup time to the high-to-low EFI input signal 
(see Figure 68). During this clear, clockout will be high. 
On the next high-to-low transition of XI, clockout will 
go low, and will change state on every subsequent high- 
to-low transition of EFI. 


The reset signal presented to the rest of the 80186, and 
also the signal present on the RESET output pin of the 
80186 is synchronized by the high-to-low transition of 
the clockout signa l of th e 80186. This signal remains ac- 
tive as lon g as the RES input also remains active. After 
the RES input goes inactive, the 80186 will begin to 
fetch its first instruction (at memory location FFFF0H) 
after 6 1 /2 CPU clock cycles (i.e., ^ of the first instruc- 
tion fetch will occur 6 1/2 clock cycles later). To insure 
that the RESET output will go inactive on th e next CPU 
clock cycle, the inactive going edge of the RES input 
must satisfy certain hold and setup times to the low-to- 
high edge of the clockout signal of the 80186 (see Figure 
69). 



Figure 69. 80186 Coming out of Reset 


8. CHIP SELECTS 

The 80186 includes a chip select unit which generates 
hardware chip select signals for memory and I/O ac- 
cesses generated by the 80186 CPU and DMA units. 
This unit is programmable such that it can be used to 
fulfill the chip select requirements (in terms of memory 
device or bank size and speed) of most small and medi- 
um sized 80186 systems. 

The chip selects are driven only for internally generated 
bus cycles. Any cycles generated by an external unit 
(e.g., an external DMA controller) will not cause the 
chip selects to go active. Thus, any external bus masters 
must be responsible for their own chip select generation. 
Also, during a bus HOLD, the 80186 does not float the 
chip select lines. Therefore, logic must be included to en- 
able the devices which the external bus master wishes to 
access (see Figure 70). 
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80186 CHIP SELECT — 

MEMORY or I/O 

EXTERNALLY GENERATED CHIP SELECT — 

c) DEVICE CHIP SELECT 


Figure 70. 80186/External Chip Select/Device Chip Select Generation 


8.1 Memory Chip Selects 

The 80186 provides six discrete chip select lines which 
are meant to be connected to memory com ponen ts in an 
801 86 system . These signals are named UCS, LCS, 
and MCS0-3 for Upper Memory Chip Select, Lower 
Memory Chip Select and Midrange Memory Chip Se- 
lects 0-3. They are meant (but not limited) to be con- 
nected to the three major areas of the 80186 system 
memory (see Figure 71). 



Figure 71. 80186 Memory Areas & Chip Selects 


As could be guessed by their names, upper memory, low- 
er memory, and mid-range memory chip selects are de- 
signed to address upper, lower, and middle are as of 
memory in an 80186 s ystem . The upper limit of UCS 
and the lower limit of LCS are fixed at FFFFFH and 
OOOOOH in memory space, respectively. The other limit 
of these is set by the memory size programmed into the 
control register for the chip select line. Mid-range mem- 
ory allows both the base address and the block size of the 
memory area to be programmed. The only limitation is 
that the base address must be programmed to be an inte- 
ger multiple of the total block size. For example, if the 
block size was 128K bytes (4 32K byte chunks) the base 
address could be 0 or 20000 FI, but not 10000H. 


The memory chip selects are controlled by 4 registers in 
the peripheral c ontrol blo ck (se e Figure 72). These in- 
clude 1 each for UCS and LCS, the values of which de- 
termine the size of the memory blocks addressed by 
these two lines. The other two registers are used to con- 
trol the size and base address of the mid-range memory 
block. 

On reset, only UCS is active. It is programmed by reset 
to be active for the top 1 K memory block, to insert 3 wait 
states to all memory fetches, and to factor external 
ready for every memory fetch (see section 8.3 for more 
information on internal ready generation). All other 
chip select registers assume indeterminate states after 
reset, but none of the other chip select lines will be active 
until all necessary registers for a signal have been ac- 
cessed (not necessarily written, a read to an uninitialized 
register will enable the chip select function controlled by 
that register). 

8.2 Peripheral Chip Selects 

The 80186 provides seven discrete chip select lines 
which are meant to be connected to peripheral compo- 
nents in an 80186 system. These signals are named 
PCSO-6. Each of these lines is active for one of seven 
contiguous 128 byte areas in memory or I/O space 
above a programmed base address. 

The peripheral chip selects are controlled by two regis- 
ters in the internal peripheral control block (see Figure 
72). These registers allow the base address of the periph- 
erals to be set, and allow the peripherals to be mapped 
into memory or I/O space. Both of these registers must 
be accessed before any of the peripheral chip selects will 
become active. 

A bit in the MPCS register allows PCS5 and PCS6 
to become l atched A1 and A2 outputs. When this option 
is selected, PCS5 and PCS6 will reflect the state of A1 
and A2 throughout a bus cycle. These are provided to al- 
low external peripheral register selection in a system in 
which the addresses are not latched. Upon reset, these 
lines are driven high. They will only reflect A1 and A2 
after both PACS and MPCS have been accessed (and 
are programmed to provide A1 and A2!). 

8.3 Ready Generation 

The 80186 includes a ready generation unit. This unit 
generates an internal ready signal for all accesses to 
memory or I/O areas to which the chip select circuitry of 
the 80186 responds. 
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OFFSET: 


AOH 


A2H 


A4H 


A6H 


A8H 

© 

1 . Upper memory ready bits 

2. Lower memory ready bits 

3. PCS0-PCS3 ready bits 

4. Mid-range memory ready bits 

5. PCS4-PCS6 ready bits 

6. MS: 1 = Peripherals active in memory space 

0 = Peripherals active in I/O space 
EX:1 = 7 PCS lines 
0 = PCS5 = A1 , PCS6 = A2 


Not all bits of every field are used 


Figure 72. 80186 Chip Select Control Registers 


UPPER MEMORY SIZE 

© 

LOWER MEMORY SIZE 

© 

PERIPHERAL CHIP SELECT BASE ADDRESS 

© 

MID-RANGE MEMORY BASE ADDRESS 

© 

MID-RANGE MEMORY SIZE * g 

© 


For each ready generation area, 0-3 wait states may be 
inserted by the internal unit. Table 6 shows how the 
ready control bits should be programmed to provide this. 
In addition, the ready generation circuit may be pro- 
grammed to ignore the state of the external ready (i.e., 
only the internal ready circuit will be used) or to factor 
the state of the external ready (i.e., a ready will be re- 
turned to the processor only after both the internal ready 
circuit has gone ready and the external ready has gone 
ready). Some kind of circuit must be included to gener- 
ate an external ready, however, since upon reset the 
ready generator is programmed to factor external ready 
to all accesses to the top IK byte memory block. If a 
ready was not returned on one of the external ready lines 
(ARDY or SRDY) the processor would wait forever to 
fetch its first instruction. 


Table 6. 80186 Wait State Programming 


R2 

R1 

R0 

Number of Wait States 

0 

0 

0 

0 + external ready 

0 

0 

1 

1 + external ready 

0 

1 

0 

2 + external ready 

0 

1 

1 

3 + external ready 

1 

0 

0 

0 (no external ready required) 

1 

0 

1 

I (no external ready required) 

1 

1 

0 

2 (no external ready required) 

1 

1 

1 

3 (no external ready required) 


8.4 Examples of Chip Select Usage 

Many examples of the use of the chip select lines are giv- 
en in the bus interface section of this note (sectipn 3.2). 
These examples show how simple it is to use the chip se- 
lect function provided by the 80186. The key point to re- 
member when using the chip select function is that they 
are only activated during bus cycles generated by the 
80186 CPU or DMA units. When another master has 
the bus, it must generate its own chip select function. In 
addition, whenever the bus is given by the 80186 to an 
external master (through the HOLD/ HLDA arrange- 
ment) the 80186 does NOT float the chip select lines. 

8.5 Overlapping Chip Select Areas 

Generally, the chip selects of the 80186 should not be 
programmed such that any two areas overlap. In addi- 
tion, none of the programmed chip select areas should 
overlap any of the locations of the integrated 256-byte 
control register block. The consequences of doing this 
are: 

Whenever two chip select lines are programmed to 
respond to the same area, both will be activated dur- 
ing any access to that area. When this is done, the 
ready bits for both areas must be programmed to the 
same value. If this is not done, the processor response 
to an access in this area is indeterminate. 

If any of the chip select areas overlap the integrated 
256-byte control register block, the timing on the 
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chip select line is altered. As always, any values re- 
turned on the external bus from this access are ig- 
nored. 

9. SOFTWARE IN AN 80186 SYSTEM 

Since the 80186 is object code compatible with the 8086 
and 8088, the software in an 80186 system is very simi- 
lar to that in an 8086 system. Because of the hardware 
chip select functions, however, a certain amount of ini- 
tialization code must be included when using those func- 
tions on the 80186. 

9.1 System Initialization in an 
80186 System 

Most programmable components of a computer system 
must be initialized before they are used. This is also true 
for the 80186. The 80186 includes circuitry which di- 
rectly affects the ability of the system to address mem- 
ory and I/O devices, namely the chip select circuitry. 
This circuitry must be initialized before the memory 
areas and peripheral devices addressed by the chip select 
signals are used. 

Upon reset, the UMCS register is programmed to be ac- 
tive for all memory fetches within the top IK byte of 
memory space. It is also programmed to insert three 
wait states to all memory accesses within this space. If 
the hardware chip selects are used, they must be pro- 
grammed before the processor leaves this 1 K byte area 
of memory. If a jump to an area for which the chips are 
not selected occurs, the microcomputer system will 
cease to operate (since the processor will fetch garbage 
from the data bus). Appendix F shows a typical initial- 
ization sequence for the 80186 chip select unit. 

Once the chip selects have been properly initialized, the 
rest of the 80186 system may be initialized much like an 
8086 system. For example, the interrupt vector table 
might get set up, the interrupt controller initialized, a 
serial I/O channel initialized, and the main program be- 
gun. Note that the integrated peripherals included in the 
80186 do not share the same programming model as the 
standard Intel peripherals used to implement these 
functions in a typical 8086 system, i.e., different values 
must be programmed into different registers to achieve 
the same function using the integrated peripherals. Ap- 
pendix F shows a typical initialization sequence for an 
interrupt driven system using the 80186 interrupt 
controller. 

9.2 Initialization for iRMX™ 86 System 

Using the iRMX 86 operating system with the 80186 re- 
quires an external 8259 A and an external 8253/4 or al- 
ternatively an external 80130 OSF component. These 
are required because the operating system is interrupt 
driven, and expects the interrupt controller and timers to 
have the register model of these external devices. This 


model is not the same as is implemented by the 80186. 
Because of this, the 80186 interrupt controller must be 
placed in iRMX 86 mode after reset. This initialization 
can be done at any time after reset before jump to the 
root task of iRMX 86 System is actually performed. If 
need be, a small section of code which initializes both 
the 80 1 86 chip selects and the 80 1 86 interrupt controller 
can be inserted between the reset vector location and the 
beginning of iRMX 86 System (see Figure 73). In this 
case, upon reset, the processor would jump to the 80186 
initialization code, and when this has been completed, 
would jump to the iRMX 86 initialization code (in the 
root task). It is important that the 80186 hardware be 
initialized before iRMX 86 operation is begun, since 
some of the resources addressed by the 80186 system 
may not be initialized properly by iRMX 86 System if 
the initialization is done in the reverse manner. 



Figure 73. iRMX-86 Initialization with 
8086 & 80186 


9.3 Instruction Execution Differences 
Between the 8086 and 80186 

There are a few instruction execution differences be- 
tween the 8086 and the 80186. These differences are: 

Undefined Opcodes: 

When the opcodes 63H,64H,65H,66H,67H,F1H, 
FEH XX111XXXB and FFH XX111XXXB 
are executed, the 80186 will execute an illegal in- 
struction exception, interrupt type 6. The 8086 
will ignore the opcode. 

0FH opcode: 

When the opcode 0FH is encountered, the 8086 
will execute a POP CS, while the 80186 will ex- 
ecute an illegal instruction exception, interrupt 
type 6. 

Word Write at Offset FFFFH: 

When a word write is performed at offset 
FFFFH in a segment, the 8086 will write one 
byte at offset FFFFH, and the other at offset 0, 
while the 80186 will write one byte at offset 
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FFFFH, and the other at offset 10000H (one 
byte beyond the end of the segment). One byte 
segment underflow will also occur (on the 80 1 86) 
if a stack PUSH is executed and the Stack Point- 
er contains the value 1 . 

Shift/Rotate by Value Greater Then 31: 

Before the 80186 performs a shift or rotate by a 
value (either in the CL register, or by an immedi- 
ate value) it ANDs the value with 1FH, limiting 
the number of bits rotated to less than 32. The 
8086 does not do this. 

LOCK prefix: 

The 8086 activates its LOCK signal immediately 
after executing the LOCK prefix. The 80186 
does not activate the LOCK signal until the pro- 
cessor is ready to begin the data cycles associated 
with the LOCKed instruction. 

Interrupted String Move Instructions: 

If an 8086 is interrupted during the execution of 
a repeated string move instruction, the return 
value it will push on the stack will point to the 
last prefix instruction before the string move in- 
struction. If the instruction had more than one 
prefix (e.g., a segment override prefix in addition 
to the repeat prefix), it will not be re-executed 
upon returning from the interrupt. The 80186 
will push the value of the first prefix to the re- 
peated instruction, so long as prefixes are not re- 
peated, allowing the string instruction to 
properly resume. 

Conditions causing divide error with an integer 
divide: 

The 8086 will cause a divide error whenever the 
absolute value of the quotient is greater then 
7FFFH (for word operations) or if the absolute 
value of the quotient is greater than 7FH (for 
byte operations). The 80186 has expanded the 
range of negative numbers allowed as a quotient 


by 1 to include 8000H and 80H. These numbers 
represent the most negative numbers representa- 
ble using 2’s complement arithmetic (equaling 
— 32768 and —128 in decimal, respectively). 

ESC Opcode: 

The 80186 may be programmed to cause an in- 
terrupt type 7 whenever an ESCape instruction 
(used for co-processors like the 8087) is execut- 
ed. The 8086 has no such provision. Before the 
80186 performs this trap, it must be pro- 
grammed to do so. 

These differences can be used to determine whether the 
program is being executed on an 8086 or an 80186. 
Probably the safest execution difference to use for this 
purpose is the difference in multiple bit shifts. For exam- 
ple, if a multiple bit shift is programmed where the shift 
count (stored in the CL register!) is 33, the 8086 will 
shift the value 33 bits, whereas the 80186 will shift it 
only a single bit. 

In addition to the instruction execution differences not- 
ed above, the 80186 includes a number of new instruc- 
tion types, which simplify assembly language 
programming of the processor, and enhance the perfor- 
mance of higher level languages running on the proces- 
sor. These new instructions are covered in depth in the 
8086/80186 users manual and in appendix H of this 
note. 


10. CONCLUSIONS 

The 80186 is a glittering example of state-of-the art in- 
tegrated circuit technology applied to make the job of 
the microprocessor system designer simpler and faster. 
Because many of the required peripherals and their in- 
terfaces have been cast in silicon, and because of the 
timing and drive latitudes provided by the part, the de- 
signer is free to concentrate on other issues of system de- 
sign. As a result, systems designed around the 80186 
allow applications where no other processor has been 
able to provide the necessary performance at a compara- 
ble size or cost. 
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APPENDIX A: PERIPHERAL CONTROL 
BLOCK 

All the integrated peripherals within the 80186 micro- 
processor are controlled by sets of registers contained 
within an integrated peripheral control block. The regis- 
ters are physically located within the peripheral devices 
they control, but are addressed as a single block of regis- 
ters. This set of registers fills 256 contiguous bytes and 
can be located beginning on any 256 byte boundary of 
the 80186 memory or I/O space. A map of these regis- 
ters is shown in Figure A-l. 

A.1 Setting the Base Location of the 
Peripheral Control Block 

In addition to the control registers for each of the inte- 
grated 80186 peripheral devices, the peripheral control 


block contains the peripheral control block relocation 
register. This register allows the peripheral control block 
to be re-located on any 256 byte boundary within the 
processor’s memory or I/O space. Figure A-2 shows the 
layout of this register. 

This register is located at offset FEH within the periph- 
eral control block. Since it is itself contained within the 
peripheral control block, any time the location of the pe- 
ripheral control block is moved, the location of the relo- 
cation register will also move. 

In addition to the peripheral control block relocation in- 
formation, the relocation register contains two addition- 
al bits. One is used to set the interrupt controller into 
iRMX86 compatibility mode. The other is used to force 
the processor to trap whenever an ESCape (coprocessor) 
instruction is encountered. 


J 


Relocation Register 


DMA Descriptors Channel 1 


DMA Descriptors Channel 0 


Chip-Select Control Registers 


Timer 2 Control Registers 

Timer 1 Control Registers 

Timer 0 Control Registers 


Interrupt Controller Registers 


OFFSET 

FEH 


OAH 

DOH 

CAH 

COH 


A8H 

AOH 


66H 

60H 

5EH 

58H 

56H 

50H 

3EH 

20H 


Figure A-1. 80186 Integrated Peripheral Control Block 
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15 

14 

13 

12 

11 10 98 7654321 0 

OFFSET: FEh| ET 

RMX 

CH 

M/IO 

Relocation Address Bits R19-R8 


ET = ESC Trap / No ESC Trap (1/0) 

M/IO = Register block located in Memory / I/O Space (1/0) 
RMX = Master Interrupt Controller mode / iRMX compatible 
Interrupt Controller mode (0/1) 


Figure A-2. 80186 Relocation Register Layout 


Because the relocation register is contained within the 
peripheral control block, upon reset the relocation regis- 
ter is automatically programmed with the value 20FFH. 
This means that the peripheral control block will be lo- 
cated at the very top (FF00H to FFFFH) of I/O space. 
Thus, after reset the relocation register will be located at 
word location FFFEH in I/O space. 

If the user wished to locate the peripheral control block 
starting at memory location 10000H he would program, 
the peripheral control register with the value 1 100H. By 
doing this, he would move all registers within the inte- 
grated peripheral control block to memory locations 
10000H to 100FFH. Note that since the relocation reg- 
ister is contained within the peripheral control block, it 
too would move to word location 100FEH in memory 
space. 

! 

Whenever mapping the 188 peripheral control block to 
another location, the programming of the relocation 
register should be done with a byte write (i.e. OUT 
DX, AL). Any access to the control block is done 16 bits at 
a time. Thus, internally, the relocation register will get 
written with 16 bits of the AX register while externally, the 
BIU will run only one 8 bit bus cycle. If a word instruction 
is used (i.e. OUT DX,AX), the relocation register will be 
written on the first bus cycle. The BIU will then run a 
second bus cycle which is unnecessary. The address of the 
second bus cycle will no longer be within the control block 
(i.e. the control block was moved on the first cycle), and 
therefore, will require the generation of an external ready 
signal to complete the cycle.. For this reason we recommend 
byte operations to the relocation register. Byte instructions 
may also be used for the other registers in the control 
block and will eliminate half of the bus cycles required if a 
word operation had been specified. Byte operations are 
only valid on even addresses though, and are undefined on 
odd addresses. 


A.2 Peripheral Control Block Registers 

Each of the integrated peripherals’ control and status 
registers are located at a fixed location above the pro- 
grammed base location of the peripheral control block. 
There are many locations within the peripheral control 
block which are not assigned to any peripheral. If a write 
is made to any of these locations, the bus cycle will be 
run, but the value will not be stored in any internal loca- 
tion. This means that if a subsequent read is made to the 
same location, the value written will not be read back. 

The processor will run an external bus cycle for any 
memory or I/O cycle which accesses a location within 
the integrated control block. This means that the ad- 
dress, data, and control information will be driven on the 
80186 external pins just as if a “normal” bus cycle had 
been run. Any information returned by an external de- 
vice will be ignored, however, even if the access was to a 
location which does not correspond to any of the inte- 
grated peripheral control registers. The above is also true 
for the 80188, except that the word access made to the 
integrated registers will be performed in a single bus cycle 
internally, while externally, the BIU runs two bus cycles. 

The processor internally generates a ready signal when- 
ever any of the integrated peripherals are accessed; thus 
any external ready signals are ignored whenever an ac- 
cess is made to any location within the integrated pe- 
ripheral register control block. This ready will also be 
returned if an access is made to a location within the 256 
byte area of the periperal control block which does not 
correspond to any integrated peripheral control register. 
The processor will insert 0 wait states to any access with- 
in the integrated peripheral control block except for ac- 
cesses to the timer registers. ANY access to the timer 
control and counting registers will incur 1 wait state. 
This wait state is required to properly multiplex proces- 
sor and counter element accesses to the timer control 
registers. 
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All accesses made to the integrated peripheral control 
block will be WORD accesses. Any write to the integrated 
registers will modify all 16 bits of the register, whether the 
opcode specified a byte write or a word write. A byte read 
from an even location should cause no problems, but the 
data returned when a byte read is performed from an odd 
address within the peripheral control block is undefined. 
This is true both for the 80186 AND the 80188. As stated 
above, even though the 80188 has an external 8 bit data 
bus, internally it is still a 16 bit machine. Thus, the word 
accesses performed to the integrated registers by the 80188 
will each occur in a single bus cycle internally while 
externally the BIU runs two bus cycles. 

APPENDIX B: 80186 SYNCHRONIZATION 
INFORMATION 

Many input signals to the 80186 are asynchronous, that 
is, a specified set up or hold time is not required to insure 
proper functioning of the device. Associated with each of 
these inputs is a synchronizer which samples this exter- 
nal asynchronous signal, and synchronizes it to the in- 
ternal 80186 clock. 

B.1 Why Synchronizers Are Required 

Every data latch requires a certain set up and hold time 
in order to operate properly. At a certain window within 
the specified set up and hold time, the part will actually 
try to latch the data. If the input makes a transition 
within this window, the output will not attain a stable 
state within the given output delay time. The size of this 
sampling window is typically much smaller than the ac- 
tual window specified by the data sheet, however part to 
part variation could move this window around within the 
specified window in the data sheet. 

Even if the input to a data latch makes a transition while 
a data latch is attempting to latch this input, the output 
of the latch will attain a stable state after a certain 
amount of time, typically much longer than the normal 
strobe to output delay time. Figure B- 1 shows a normal 
input to output strobed transition and one in which the 
input signal makes a transition during the latch’s sample 
window. In order to synchronize an asynchronous signal, 
all one needs to do is to sample the signal into one data 
latch, wait a certain amount of time, then latch it into a 
second data latch. Since the time between the strobe into 
the first data latch and the strobe into the second data 
latch allows the first data latch to attain a steady state 
(or to resolve the asynchronous signal), the second data 
latch will be presented with an input signal which satis- 
fies any set up and hold time requirements it may have. 



Figure B-1. Valid & Invalid Latch Input 
Transitions & Responses 


Thus, the output of this second latch is a synchronous 
signal with respect to its strobe input. 

A synchronization failure can occur if the synchronizer 
fails to resolve the asynchronous transition within the 
time between the two latch’s strobe signals. The rate of 
failure is determined by the actual size of the sampling 
window of the data latch, and by the amount of time be- 
tween the strobe signals of the two latches. Obviously, as 
the sampling window gets smaller, the number of times 
an asynchronous transition will occur during the sam- 
pling window will drop. In addition, however, a smaller 
sampling window is also indicative of a faster resolution 
time for an input transition which manages to fall within 
the sampling window. 

B.2 80186 Synchronizefs 

The 80186 contains synchronizers on the RES, 
TEST, Tmrln0-1, DRQ0-1, NMI, INT0-3, ARDY, and 
HOLD input lines. Each of these synchronizers use the 
two stage synchronization technique described above 
(with some minor modifications for the ARDY line, see 
section 3.1.6). The sampling window of the latches is de- 
signed to be in the tens of pico-seconds, and should allow 
operation of the synchronizers with a mean time be- 
tween failures of over 30 years assuming continuous 
operation. 
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APPENDIX C: 80186 EXAMPLE DMA INTERFACE CODE 

$modl86 

name assembly.example.80 1 86.DM A.support 

; This file contains an example procedure which initializes the 80186 DMA 
; controller to perform the DMA transfers between the 80186 system the the 

; 8272 Floppy Disk Controller (FDC). It assumes that the 80186 

; peripheral control block has not been moved from its reset location. 


argl 

equ 

word ptr [BP + 4] 


arg2 

equ 

word ptr [BP + 6] 


arg3 

equ 

word ptr [BP + 8] 


DMA.FROM.LOWER 

equ 

OFFCOh 

DMA register locations 

DMA_FROM-UPPER 

equ 

0FFC2h 


DMA.TO.LOWER 

equ 

0FFC4h 


DMA.TO.UPPER 

equ 

0FFC6h 


DMA.COUNT 

equ 

0FFC8h 


DMAXONTROL 

equ 

OFFCAh 


DMA.TO-DISK.CONTROL 

equ 

01486h 

destination synchronization 
source to memory, incremented 
destination to I/O 
no terminal count 
byte transfers 

DMA.FROM.DISK_CONTROLequ 

0A046h ; 

source synchronization 
source to I/O 

destination to memory, incr 
no terminal count 
byte transfers 

FDC.DMA 

equ 

6B8h 

FDC DMA address 

FDClDATA 

equ 

688h : 

FDC data register 

FDC.STATUS 

equ 

680h 

FDC status register 

cgroup 

group 

code 


code 

segment 

public 

assume 

1 

set-dma. 
cs regroup 

public ‘code’ 


set-dma (offset, to) programs the DMA channel to point one side to the * 
disk DMA address, and the other to memory pointed to by ds:offset. If 
‘to’ = 0 then will be a transfer from disk to memory; if 
‘to’ = 1 then will be a transfer from memory to disk. The parameters to 
the routine are passed on the stack. 


set_dma_ proc 

near 


enter 

0,0 

; set stack addressability 

push 

AX 

; save registers used 

push 

BX 


push 

DX 


test 

arg2,l 

; check to see direction of 
; transfer 

jz 

from-disk 


; performing a transfer from memory to the disk controller 


mov 

AX,DS 

; get the segment value 

rol 

AX, 4 

; gen the upper 4 bits of the 


physical address in the lower 4 
bits of the register 
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no.carry.from: 


from_disk: 


no.carry.to: 


mov 

BX,AX 

save the result... 

mov 

DX,DMA_FROM.UPPER 

prgm the upper 4 bits of the 

out 

DX,AX 

DMA source register 

and 

AX,0FFF0h 

form the lower 16 bits of the 
physical address 

add 

AX,argl 

add the offset 

mov 

DX,DMA_FROM_LOWER 

prgm the lower 16 bits of the 

out 

DX,AX 

DMA source register 

jnc 

no.carry.from 

check for carry out of addition 

inc 

BX 

if carry out, then need to adj 

mov 

AX,BX 

the upper 4 bits of the pointer 

mov 

DX,DMA_FROM.UPPER 


out 

DX,AX 


mov 

AX,FDC_DMA ' 

prgm the low 16 bits of the DMA 

mov 

DX,DMA-TO.LOWER 

destination register 

out 

DX,AX 


xor 

AX, AX 

zero the up 4 bits of the DMA 

mov 

DX,DMA_TO.UPPER 

destination register 

out 

DX,AX 

» 

mov 

AX,DMA.TO_DISK_CONTROL 

prgm the DMA ctl reg 

mov 

DX,DMA_CONTROL 

note: DMA may begin immediatly 

out 

DX,AX 

after this word is output 

pop 

DX 

pop 

BX 


pop 

leave 

ret 

AX 


disk to memory 


mov 

AX,DS 


rol 

AX, 4 


mov 

DX,DMA_TO.UPPER 


out 

DX,AX 


mov 

BX,AX 


and 

AX,0FFF0h 


add 

AX,argl 


mov 

DX,DMA_TO.LOWER 


out " 

DX,AX 


jnc 

no.carry.to 


inc 

BX 


mov 

AX,BX 


mov 

DX,DMA_TO_UPPER 


out 

DX,AX 


mov 

AX,FDC.DMA 


mov 

DX,DMA_FROM.LOWER 


out 

DX,AX 


xor 

AX, AX 


mov 

DX,DMA.FROM.UPPER 


out 

DX,AX 


mov 

AX,DMA_FROM.DISK-CONTROL 

mov 

DX,DMA_CONTROL 
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out 

DX,AX 


pop 

DX 


POP 

BX 


pop 

AX 


leave 



ret 


set_dma_ 

endp 


code 

ends 



end 
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APPENDIX D: 80186 EXAMPLE TIMER INTERFACE CODE 

$modl86 

name example.80 1 86.timer_code 

; this file contains example 80 1 86 timer routines. The first routine 
; sets up the timer and interrupt controller to cause the timer 

; to generate an interrupt every 10 milliseconds, and to service 

interrupt to implement a real time clock. Timer 2 is used in ' 

; this example because no input or output signals are required. 

; The code example assumes that the peripheral control block has 

; not been moved from its reset location (FF00-FFFF in I/O space). 


argl 

equ 

word ptr [BP 4- 4] 


arg2 

equ 

word ptr [BP + 6] 


arg3 

equ 

word ptr [BP + 8] 


timer.2int 

equ 

19 

; timer 2 has vector type 1 

timer_2control 

equ 

0FF66h 


timer.2max.ctl 

equ 

0FF62h 


timer.int.ctl 

equ 

0FF32h 

; interrupt controller regs 

eoi-register 

equ 

0FF22li 


interrupt-stat 

equ 

0FF30h 


data 

segment 

public 

hour., minute., second., msec- 

public ‘data’ 

msec_ 

db 

? 


hour_ 

db 

? 


minute- 

db 

7 


second- 

data 

db 

ends 

7 


cgroup 

group 

code 


dgroup 

group 

data 


code 

segment 

public 

assume 

set.time. 

cs:code,ds:dgroup 

public ‘code’ 


set.time(hour, minute, second) sets the time variables, initializes the 
80186 timer2 to provide interrupts every 10 milliseconds, and 
programs the interrupt vector for timer 2 


set_time_ 

proc 

near 



enter 

0,0 

; set stack addressability 


push 

AX 

; save registers used 


push 

DX 



push 

SI 



push 

DS 



xor 

AX, AX 

; set the interrupt vector 
; the timers have unique 
; interrupt 

; vectors even though they share 
; the same control register 


mov 

DS,AX 



mov 

SI, 4 * timer 2.int 
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set-time. 

timer2.interrupt.routine 


bump-second: 


bumpjminute: 


mov DS: [SI], offset timer.2-interrupt.routine 


inc 

SI 

inc 

SI 

mov 

DS:[SI],CS 

pop 

DS 

mov 

AX,argl 

mov 

hour_,AL 

mov 

AX,arg2 

mov 

minute., AL 

mov 

AX,arg3 

mov 

second., AL 

mov 

msec.,0 

mov 

DX,timer2_max_ctl 

mov 

AX, 20000 

out 

DX,AX 

mov 

DX,timer2.control 

mov 

AX,1 110000000000001b 


out 

DX,AX 

mov 

DX,timer_inLctl 

mov 

AX, 0000b 

out 

DX,AX 

sti 


pop 

SI 

pop 

DX 

pop 

AX 

leave 


ret 


endp 


proc 

far 

push 

AX 

push 

DX 

cmp 

msec., 99 

jae 

bump_second 

inc 

msec. 

jmp 

reset.int.ctl 

mov 

msec.,0 

cmp 

second., 5 9 

jae 

bump-minute 

inc 

second. 

jmp 

reset.int.ctl 

mov 

second., 0 

cmp 

minute., 59 

jae 

bump_hour 

inc 

minute. 

jmp 

reset-int-Ctl 


; set the time values 


set the max count value 
10 ms / 500 ns (timer 2 counts 
at 1 /4 the CPU clock rate) 

set the control word 
enable counting 
generate interrupts on TC 
continuous counting 


; set up the interrupt controller 
; unmask interrupts 
; highest priority interrupt 

; enable processor interrupts 


; see if one second has passed 
; if above or equal... 


; reset millisecond 
; see if one minute has passed 


; see if one hour has passed 
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bump-hour: 



mov 

minute., 0 


emp 

hour., 12 


jae 

reset-hour 


inc 

hour. 


jmp 

reset-int-ctl 

reset-hour: 

mov 

hour.,1 

reset-int-Ctl: 

mov 

DX,eoi.register 


mov 

AX,8000h 


out 

DX,AX 


pop 

DX 


pop 

AX 


iret 


timer2_interruptroutine 

endp 


code 

ends 



end 


$modl86 



name 

example_80 1 86_baud_code 

; this file contains example 80186 timer routines. The second routine 

; sets up the timer as a baud rate generator. In this mode, 

; Timer 1 is used to continually output pulses with a period of 

; 6.5 usee for use with a serial controller at 9600 baud 

; programmed in divide by 16 mode (the actual period required 

; for 9600 baud is 6.51 usee). This assumes that the 80186 is 

; running at 8 MHz. The code example also assumes that the 

; peripheral control block has not been moved from its reset 

; location (FF00-FFFF in I/O space). 

timer l.control 

equ 

0FF5Eh 

timer l.max_cnt 

equ 

0FF5Ah 

code 

segment 

assume 

cs:code 

; set-baud() initializes the 80186 timer 1 as a baud rate generator for 

; a serial port running at 9600 baud 

set_baud- 

proc 

near 


push 

AX 


push 

DX 


mov 

DX, timer 1-max.cnt 


mov 

AX, 13 


out 

DX,AX 


mov 

DX, timer 1 .control 


mov 

AX, 1100000000000001b 


out 

DX,AX 


pop 

DX 


pop 

AX 


; see if 12 hours have passed 


; non-specific end of interrupt 


public ‘code’ 


; save registers used 


; set the max count value 
; 500ns * 13 = 6.5 usee 

; set the control word 
; enable counting 
; no interrupt on TC 
; continuous counting 
; single max count register 
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set_baud_ 

code 

$modl86 

name 


ret 

endp 

ends 

end 

example-80 1 86.count.code 


this file contains example 80186 timer routines. The third routine 
sets up the timer as an external event counter. In this mode, 
Timer 1 is used to count transitions on its input pin. After 
the timer has been set up by the routine, the number of 
events counted can be directly read from the timer count 
register at location FF58H in I/O space. The timer will 
count a maximum of 65535 timer events before wrapping 
around to zero. This code example also assumes that the 
peripheral control block has not been moved from its reset 
location (FFOO-FFFF in I/O space). 


timer Lcontrol 

equ 

0FF5Eh 


timer l_max_cnt 

equ 

0FF5Ah 


timer Lcnt.reg 

equ 

OFF58H 


code 

segment 

public ‘code’ 


assume 

cs:code 


; set.count() initializes the 80186 timer 1 as an event counter 


seLcount. 

proc 

near 



pu$h 

AX 

save registers used 


push 

DX 



mov 

DX, timer 1 _max_cnt 

set the max count value 


mov 

AX,0 

allows the timer to count 
all the way to FFFFH 


out 

DX,AX 



mov 

DX, timer l.control 

set the control word 


mov 

AX, 1100000000000101b 

enable counting 
no interrupt on TC 
continuous counting 
single max count register 
external clocking 


out 

DX,AX 



xor 

AX, AX 

zero AX 


mov 

DX, timer l_cnt_reg 

and zero the count in the timer 


out 

DX,AX 

count register 


pop 

DX 



pop 

AX 



ret 



set-count. 

endp 



code 

ends 




end 
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APPENDIX E: 80186 EXAMPLE 
INTERRUPT CONTROLLER INTERFACE 
CODE 

$modl86 

name example.80 1 86-interrupt_code 

; This routine configures the 80186 interrupt controller to provide 
; two cascaded interrupt inputs (through an external 8259A 

; interrupt controller on pins INT0/INT2) and two direct 

; interrupt inputs (on pins INTI and INT3). The default priority 

; levels are used. Because of this, the priority level programmed 

; into the control register is set the 1 1 1 , the level all 

; interrupts are programmed to at reset. 


int0 T control 

equ 

OFF38H 

int_mask 

equ 

0FF28H 

code 

segment 



assume 

CS:code 

set.int_ 

proc 

near 


push 

DX 


push 

AX 


mov 

AX, 01001 1 IB 


mov 

DX,int0.control 


out 

DX,AX 


mov 

AX, 01001 101B 


mov 

DX,int.mask 


out 

DX,AX 


pop 

AX 


pop 

DX 


ret 


set-int_ 

endp 


code 

ends 



end 


$modl86 



name 

example.80 1 8 6.interrupLcode 


This routine configures the 80186 interrupt controller into iRMX 86 
mode. This code does not initialize any of the 80186 
integrated peripheral control registers, nor does it initialize 

the external 8259A or 80 1 30 interrupt controller. 

( 


relocation_reg 

equ 

0FFFEH 

code 

• segment 



assume 

CS:code 

set.rmx. 

proc 

near 


push 

DX 


push 

AX 


mov 

DX,relocation.reg 


in 

AX,DX 


or 

AX,0 1 00000000000000B 


out 

DX,AX 


public ‘code’ 


; cascade mode 
; interrupt unmasked 


; now unmask the other external 
; interrupts 


public ‘code’ 


; read old contents of register 
; set the RMX mode bit 
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pop AX 

pop DX 

ret 

set.rmx_ endp 

code ends 

end 
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APPENDIX F: 80186/8086 EXAMPLE 
SYSTEM INITIALIZATION CODE 

name example.80186-system_init 

; This file contains a system initialization routine for the 80186 
; or the 8086. The code determines whether it is running on 

; an 80186 or an 8086, and if it is running on an 80186, it 

; initializes the integrated chip select registers. 

restart segment at OFFFFh 

; This is the processor reset address at 0FFFF0H 

org 0 

jmp far ptr initialize 

restart ends 

extrn monitor:far 

init-hw segment at OFFFOh 

assume CS:init.hw 


This segment initfalizes the chip selects. It must be located in the 

top IK to insure that the ROM remains selected in the 80186 
system until the proper size of the select area can be programmed. 


UMCS_reg 

equ 

OFFAOH 

chip select register locations 

LMCS_reg 

equ 

0FFA2H 


PACS-reg 

equ 

0FFA4H 


MPCS-reg 

equ 

0FFA8H 


UMCS.value 

equ 

0F038H 

64K, no wait states 

LMCS.value 

equ 

07F8H 

32K, no wait states 

PACS.value 

equ 

007EH 

peripheral base at 400H, 2 ws 

MPCS.value 

equ 

81B8H 

PCS5 and 6 supplies, 
peripherals in I/O space 

initialize 

proc 

far 



mov 

AX, 2 

determine if this is an 


mov 

CL, 33 

8086 or an 80186 (checks 


shr 

AX, CL 

to see if the multiple bit 


test 

, AX,1 

shift value was ANDed) 


jz 

not.80186 



mov 

DX,UMCS.reg ; 

; program the UMCS register 


mov 

AX,UMCS.value 



out 

DX,AX 



mov 

DX,LMCS_reg 

; program the LMCS register 


mov 

AX,LMCS_value 



, out 

DX,AX 


' 

mov 

DX, PACS-reg 

set up tile peripheral chip 
selects (note the mid-range 
memory chip selects are not 
needed in this system, and 
are thus not initialized 


mov 

AX,PACS.value 



out 

DX,AX 
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mov DX,MPCS.reg 
mov AX,MPCS.value 

out DX,AX 

Now that the chip selects are all set up, the main program of the 
computer may be executed. 


not.80186: 

initialize 

init_hw 


far ptr monitor 
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APPENDIX G: 80186 WAIT STATE 
PERFORMANCE 

Because the 80186 contains seperate bus interface and 
execution units, the actual performance of the processor 
will not degrade at a constant rate as wait states are add- 
ed to the memory cycle time from the processor. The ac- 
tual rate of performace degradation will depend on the 
type and mix of instructions actually encountered in the 
user’s program. 

Shown below are two 80186 assembly language pro- 
grams, and the actual execution time for the two pro- 
grams as wait states are added to the memory system of 
the processor. These programs show the two extremes to 
which wait states will or will not effect system perfor- 
mance as wait states are introduced. 

Program 1 is very memory intensive. It performs many 
memory reads and writes using the more extensive mem- 
ory addressing modes of the processor (which also take a 
greater number of bytes in the opcode for the instruc- 
tion). As a result, the execution unit must constantly 
wait for the bus interface unit to fetch and perform the 
memory cycles to allow it to continue. Thus, the execu- 
tion time of this type of routine will grow quickly as wait 
states are added, since the execution time is almost total- 
ly limited to the speed at which the processor can run bus 
cycles. 

Note also that this program execution times calculated 
by merely summing up the number of clock cycles given 
in the data sheet will typically be less than the actual 
number of clock cycles actually required to run the pro- 
gram. This is because the numbers quoted in the data 
sheet assume that the opcode bytes have been prefetched 
and reside in the 80186 prefetch queue for immediate 
access by the execution unit. If the execution unit cannot 


access the opcode bytes immediatly upon request, dead 
clock cycles will be inserted in which the execution unit 
will remain idle, thus increasing the number of clock cy- 
cles required to complete execution of the program. 

On the other hand, program 2 is more CPU intensive. It 
performs many integer multiplies, during which time 
the bus interface unit can fill up the instruction pre- 
fetch queue in parallel with the execution unit perform- 
ing the multiply. In this program, the bus interface unit 
can perform bus operations faster than the execution 
unit actually requires them to be run. In this case, the 
performance degradation is much less as wait states are 
added to the memory interface. The execution time of 
this program is closer to the number of clock cycles cal- 
culated by adding the number of cycles per instruction 
because the execution unit does not have to wait for the 
bus interface unit to place an opcode byte in the prefetch 
queue as often. Thus, fewer clock cycles are wasted by 
the execution unit laying idle for want of instructions. 
Table G-l lists the execution times measured for these 
two programs as wait states were introduced with the 
80186 running at 8 MHz. 


Table G-1 


# of 
Wait 
States 

Program 1 

Program 2 

Exec 

Time 

(Msec) 

Pert 

Degr 

Exec 

Time 

(Msec) 

Pert 

Degr 

0 

505 


294 


1 

595 

18% 

311 

6% 

2 

669 

12% 

337 

8% 

3 

752 

12% 

347 

3% 


$modl86 

name example_wait_state_performance 

; This file contains two programs which demonstrate the 80186 performance 
; degradation as wait states are inserted. Program 1 performs a 

; transformation between two types of characters sets, then copies 

; the transformed characters back to the original buffer (which is 64 

; bytes long. Program 2 performs the same type of transformation, however 

; instead of performing a table lookup, it multiplies each number in the 

; original 32 word buffer by a constant (3, note the use of the integer 

; immediate multiply instruction). Program “nothing” is used to measure 

; the call and return times from the driver program only. 

egroup . group code 

dgroup group data 

data segment public ‘data’ 
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infer 


t_table 

db 

256 dup (?) 


t-string 

db 

64 dup (?) 


m_array 

dw 

32 dup (?) 


data 

ends 



code 

segment 


public ‘code’ 


assume 

CS:cgroup,DS:dgroup 



public 

bench_l, bench-2, nothing., wait-state., set-timer. 

bench. 1 

proc 

near 



push 

SI 

; save registers used 


push 

CX 



push 

BX 



push 

AX 



mov 

CX,64 

; translate 64 bytes 


mov 

SI,0 



mov 

BH,0 


loop-back: 

mov 

BL, t-string [SI] 

; get the byte 

< 

mov 

AL,t_table[BX] 

; translate byte 


mov 

t-string [SI], AL 

; and store it 


inc 

SI 

; increment index 


loop 

loop-back 

; do the next byte 


pop 

AX 



pop 

BX 



pop 

CX 



pop 

SI 



ret 



bench. 1 

endp 



bench-2 

proc 

near 



push 

AX 

; save registers used 


push 

SI 



push 

CX 



mov 

CX,32 

; multiply 32 numbers 


mov 

SI, offset m_array 


loop_back_2: 

imul 

AX,word ptr [SI], 3 

; immediate multiply 


mov 

word ptr [SI], AX 



inc 

SI 



inc 

SI 



loop 

loop_back-2 



pop 

CX 



pop 

SI 



pop 

AX 



ret 



bench-2. 

endp 
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inter 


nothing. 

proc 

near 


ret 


nothing. 

endp 



wait_state(n) sets the 80186 LMCS register to the number of wait states 

(0 to 3) indicated by the parameter n (which is passed on the stack). 
No other bits of the LMCS register are modified. 


wait-state. 


contents 


wait_state_ 


proc 

near 


enter 

0,0 

; set up stack frame 

push 

AX 

; save registers used 

push 

BX 


push 

DX 


mov 

BX,word ptr [BP + 4] 

; get argument 

mov 

DX,0FFA2h 

; get current LMCS register 

in 

AX,DX 


and 

AX,0FFFCh 

; and off existing ready bits 

and 

BX,3 

; insure ws count is good 

or 

AX,BX 

; adjust the ready bits 

out 

DX,AX 

; and write to LMCS 

pop 

DX 


pop 

BX 


pop 

AX 


leave 


; tear down stack frame 

ret 



endp 




seLtimer() initializes the 80186 timers to count microseconds. Timer 2 
is set up as a prescaler to timer 0, the microsecond count can be read 
directly out of the timer 0 count register at location FF50H in I/O 
space. 


set-timer. 


proc 

near 

push 

AX 

push 

DX 

mov 

DX,0ff66h 

mov 

AX,4000h 

out 

DX,AX 

mov 

DX,0ff50h 

mov 

AX,0 

out 

DX,AX 

mov 

DX,0ff52h 

mov 

AX,0 

out 

DX,AX 


stop timer 2 


clear timer 0 count 


timer 0 counts up to 65535 
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inter 


set-timer- 

code 


mov 

DX,Off56h 

mov 

AX,0c009h 

out 

DX,AX 

mov 

DX,0ff60h 

mov 

AX,0 

out 

DX,AX 

mov 

DX,0ff62h 

mov 

AX, 2 

out 

DX,AX 

mov 

DX,0ff66h 

mov 

AX,0c001h 

out 

DX,AX 

pop 

DX 

pop 

AX 

ret 


endp 


ends 


end 



enable timer 0 


clear timer 2 count 


set maximum count of timer 2 


re-enable timer 2 
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APPENDIX H: 80186 NEW INSTRUCTIONS 

The 80186 performs many additional instructions to 
those of the 8086. These instructions appear shaded in 
the instruction set summary at the back of the 80186 
data sheet. This appendix explains the operation of these 
new instructions. In order to use these new instructions 
with the 8086/186 assembler, the “$modl86” switch 
must be given to the assembler. This can be done by plac- 
ing the line: “$modl86” at the beginning of the assem- 
bly language file. 

• PUSH immediate 

This instruction allows immediate data to be pushed 
onto the processor stack. The data can be either an in£ 
mediate byte or an immediate word. If the data is a byte, 
it will be sign extended to a word before it is pushed onto 
the stack (since all stack operations are word 
operations). 

• PUSHA, POPA 

These instructions allow all of the general purpose 
80186 registers to be saved on the stack, or restored from 
the stack. The registers saved by this instruction (in the 
order they are pushed onto the stack) are AX, CX, DX, 
BX, SP, BP, SI, and DI. The SP value pushed onto the 
stack is the value of the register before the first PUSH 
(AX) is performed; the value popped for the SP register 
is ignored. 

This instruction does not save any of the segment regis- 
ters (CS, DS, SS, ES), the instruction pointer (IP), the 
flag register, or any of the integrated peripheral 
registers. 

• IMUL by an immediate value 

This instruction allows a value to be multiplied by an im- 
mediate value. The result of this operation is 16 bits 
long. One operand for this instruction is obtained using 
one of the 80186 addressing modes (meaning it can be in 
a register or in memory). The immediate value can be 
either a byte or a word, but will be sign extended if it is a^ 
byte. The 16-bit result of the multiplication can be 
placed in any of the 80186 general purpose or pointer 
registers. 

This instruction requires three operands: the register in 
which the result is to be placed, the immediate value, 
and the second operand. Again, this second operand can 
be any of the 80186 general purpose registers or a sped-, 
fied memory location. 

• shifts/rotates by an immediate value 

The 80186 can perform multiple bit shifts or rotates 
where the number of bits to be shifted is specified by an 


immediate value. This is different from the 8086, where 
only a single bit shift can be performed, or a multiple 
shift can be performed where the number of bits to be 
shifted is specified in the CL register. 

All of the shift/rotate instructions of the 80186 allow 
the number of bits shifted to be specified by an immedi- 
ate value. Like all multiple bit shift operations per- 
formed by the 80186, the number of bits shifted is the 
number of bits specified modulus 32 (i.e. the maximum 
number of bits shifted by the 80186 multiple bit shifts is 
31). 

These instructions require two operands: the operand to 
be shifted (which may be a register or a memory location 
specified by any of the 80186 addressing modes) and the 
number of bits to be shifted. 

• block input/output 

The 80186 adds two new input/output instructions: INS 
and OUTS. These instructions perform block input or 
output operations. They operate similarly to the string 
move instructions of the processor. 

The INS instruction performs block input from an I/O 
port to memory. The I/O address is specified by the DX 
register; the memory location is pointed to by the DI reg- 
ister. After the operation is performed, the DI register is 
adjusted by 1 (if a byte input is specified) or by 2 (if a 
word input is specified). The adjustment is either an in- 
crement or a decrement, as determined by the Direction 
bit in the flag register of the processor. The ES segment 
register is used for memory addressing, and cannot be 
overridden. When preceeded by a REPeat prefix, this in- 
struction allows blocks of data to be moved from an I/O 
address to a block of memory Note that the I/O address 
in the DX register is not modified by this operation. 

The OUTS instruction performs block output from 
memory to an I/O port. The I/O address is specified by 
the DX register; the memory location is pointed to by the 
SI register. After the operation is performed, the SI reg- 
ister is adjusted by 1 (if a byte output is specified) or by 
2 (if a word output is specified). The adjustment is either 
an increment or a decrement, as determined by the Di- 
rection bit in the flag register of the processor. The DS 
segment register is used for memory addressing, but can 
be overridden by using a segment override prefix. When 
preceeded by a REPeat prefix, this instruction allows 
blocks of data to be moved from a block of memory to an 
I/O address. Again note that the I/O address in the DX 
register is not modified by this operation. 

Like the string move instruction, these two instructions 
require two operands to specify whether word or byte op- 
erations are to take place. Additionally, this determina- 
tion can be supplied by the mnemonic itself by adding a 
“B” or “W” to the basic mnemonic, for example: 

INSB ; perform byte input 

REP OUTSW ; perform word block output 
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• BOUND 

The 80186 supplies a BOUND instruction to facilitate 
bound checking of arrays. In this instruction, the calcu- 
lated index into the array is placed in one of the general 
purpose registers of the 80186. Located in two adjacent 
word memory locations are the lower and upper bounds 
for the array index. The BOUND instruction compares 
the register contents to the memory locations, and if the 
value in the register is not between the values in the 
memory locations, an interrupt type 5 is generated. The 
comparisons performed are SIGNED comparisons. A 
register value equal to either the upper bound or the low- 
er bound will not cause an interrupt. 

This instruction requires two arguments: the register in 
which the calculated array index is placed, and the word 
memory location which contains the lower bound of the 
array (which can be specified by any of the 80186 mem- 
ory addressing modes). The memory location containing 
the upper bound of the array must follow immediatly the 
memory location containing the lower bound of the 
array. 

• ENTER and LEAVE 

The 80186 contains two instructions which are used to 
build and tear down stack frames of higher level, block 
structured languages. The instruction used to build 
these stack frames is the ENTER instruction. The algo- 
rithm for this instruction is: 

PUSH BP /* save the previous frame 

pointer */ 

if level — 0 then 
BP := SP; 

else tempi := SP; /* save current frame pointer 
*/ 


temp2 : = level - 1 ; 

do while temp2 > 0 /* copy down previous level 
frame */ 

BP:=BP-2; /* pointers */ 

PUSH [BP]; 

BP := tempi; 

PUSH BP; /* put current level frame 

pointer */ 

/* in the save area */ 

SP:= SP-disp; /* create space on the stack 
for */ 

/* local variables */ 

Figure H-l shows the layout of the stack before and 
after this operation. 

This instruction requires two operands: the first value 
(disp) specifies the number of bytes the local variables of 
this routine require. This is an unsigned value and can be 
as large as 65535. The second value (level) is an un- 
signed value which specifies the level of the procedure. It 
can be as great as 255. 

The 80186 includes the LEAVE instruction to tear down 
stack frames built up by the ENTER instruction. As can 
be seen from the layout of the stack left by the ENTER 
instruction, this involves only moving the contents of the 
BP register to the SP register, and popping the old BP 
value from the stack. 

Neither the ENTER nor the LEAVE instructions save 
any of the 80186 general purpose registers. If they must 
be saved, this must be done in addition to the ENTER 
and the LEAVE. In addition, the LEAVE instruction 
does not perform a return from a subroutine. If this is 
desired, the LEAVE instruction must be explicitly fol- 
lowed by the RET instruction. 



Figure H-1. ENTER instruction Stack Frame 
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APPENDIX I: 80186/80188 DIFFERENCES 

The 80 1 88 is exactly like the 80 1 86, except it has an 8 bit 
external bus. It shares the same execution unit, timers, 
peripheral control block, interrupt controller, chip se- 
lect, and DMA logic. The differences between the two 
caused by the narrower data bus are: 

• The 80188 has a 4 byte prefetch queue, rather than 
the 6 byte prefetch queue present on the 80186. The 
reason for this is since the 80188 fetches opcodes one 
byte at a time, the number of bus cycles required to 
fill the smaller queue of the 80188 is actually greater 
than the number of bus cycles required to fill the 
queue of the 80186. As a result, a smaller queue is 
required to prevent an inordinate number of bus cy- 
cles being wasted by prefetching opcodes to be dis- 
carded during a jump. 

• AD8-AD15 on the 80186 are transformed to A8- 
A1 5 on the 80188. Valid address information is pre- 
sent on these lines throughout the bus cycle of the 
80188. Valid address information is not guaranteed 
on these lines during idle T states. 

• BHE/S7 is always defined HIGH by the 80188, 
since the upper half of the data bus is non-existant. 


• The DMA controller^ of the 80188 only performs 
byte transfers. The B/W bit in the DMA control 
word is ignored. 

• Execution times for many memory access instruc- 
tions are increased because the memory access must 
be funnelled through a narrower data bus. The 
80188 also will be more bus limited than the 80186 
(that is, the execution unit will be required to wait 
for the opcode information to be fetched more often) 
because the data bus is narrower. The execution time 
within the processor, however, has not changed be- 
tween the 80 1 86 and the 80 1 8 8 . 

Another important point is that the 80188 internally is a 
16-bit machine. This means that any access to the inte- 
grated peripheral registers, of the 80188 will be done in 
1 6-bit chunks, NOT in 8-bit chunks. All internal periph- 
eral registers are still 16-bits wide, and only a single read 
or write is required to access the registers. When an ac- 
cess is made to the internal registers, only a single bus 
cycle will be run, and only the lower 8-bits of the written 
data will be driven on the external bus. All accesses to 
registers within the integrated peripheral block must be 
WORD accesses. 


* 
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^ HIGH PERFORMANCE MICROPROCESSOR 
WITH MEMORY MANAGEMENT AND PROTECTION 

( 80286 - 8 , 80286 - 6 , 80286 - 4 ) 


■ High Performance 

Processor (Up to six times iAPX 86) 

■ Large Address Space: 

—16 Megabytes Physical 
—1 Gigabyte Virtual per Task 

■ Integrated Memory Management, Four- 
Level Memory Protection and Support 
for Virtual Memory and Operating 
Systems 

■ Two iAPX 86 Upward Compatible 
Operating Modes: 

—iAPX 86 Real Address Mode 
— Protected Virtual Address Mode 

■ Range of clock rates 
—8 MHz for 80286-8 
—6 MHz for 80286-6 
—4 MHz for 80286-4 


■ Optional Processor Extension: 

—iAPX 286/20 High Performance 80-bit 

Numeric Data Processor 

■ Complete System Development 
Support: 

—Development Software: Assembler, 
PL/M, Pascal, FORTRAN, and System 
Utilities 

— In-Circuit-Emulator (ICE ™ -286) 

■ High Bandwidth Bus Interface 
(8 Megabyte/Sec) 

■ Available in EXPRESS: 

—Standard Temperature Range 


The iAPX 286/10 (80286 part number) is an advanced, high-performance microprocessor with specially optimized 
capabilities for multiple user and multi-tasking systems. The 80286 has built-in memory protection that supports 
operating system and task isolation as well as program and data privacy within tasks. An 8 MHz iAPX 286/10 provides 
up to six times greater throughout than the standard 5 MHz iAPX 86/10. The 80286 includes memory management 
capabilities that map up to 2 30 (one gigabyte) of virtual address space per task into 2 24 bytes (16 megabytes) 
of physical memory. 


The iAPX 286 is upward compatible with iAPX 86 and 88 software. Using iAPX 86 real address mode, the 80286 is 
object code compatible with existing iAPX 86, 88 software. In protected virtual address mode, the 80286 is source 
code compatible with iAPX 86, 88 software and may require upgrading to use virtual addresses supported by the 
80286’s integrated memory management and protection mechanism. Both modes operate at full 80286 performance 
and execute a superset of the iAPX 86 and 88’s instructions. 


The 80286 provides special operations to support the efficient implementation and execution of operating systems. 
For example, one instruction can end execution of one task, save its state, switch to a new task, load its state, and 
start execution of the new task. The 80286 also supports virtual memory systems by providing a segment-not-present 
exception and restartable instructions. 
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Figure 1. 80286 internal Block Diagram 
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Component Pad View— As viewed from P.C. Board View— As viewed from the 

underside of component when mounted on component side of the P.C. board, 

the board. 



NOTE: N.C. pads must not be connected. 


Figure 2. 80286 Pin Configuration 


Table 1 . Pin Description 

The following pin function descriptions are for the 80286 microprocessor: 

Symbol Type Name and Function 

CLK I System Clock provides the fundamental timing for iAPX 286 systems. It is divided by two inside 

the 80286 to generate the processor clock. The internal divide-by-two circuitry can 
be synchronized to an external clock generator by a LOW to HIGH transition on the RESET 
input. ' 

D15-D0 I/O Data Bus inputs data during memory, I/O, and interrupt acknowledge read cycles; outputs data 

during memory and I/O write cycles. The data bus is active HIGH and floats to 3-state OFF during 
bus hold acknowledge. 

A23-A0 O Address Bus outputs physical memory and I/O port addresses. AO is LOW when data is to be 

transferred on pins D 7 _q. A 23 -A 16 are LOW during I/O transfers. The address bus is active HIGH 
and floats to 3-state OFF during bus hold acknowledge. 

BHE O Bus High Enable indicates transfer of data on the upper byte of the data bus, Di s-a. Eight-bit 

oriented devices assigne d to the upper byte of the data bus would normally use BHE to con- 
dition chip select functions. BHE is active LOW and floats to 3-state OFF during bus hold acknowledge. 


BHE and A0 Encodings | 

BHE Value 

A0 Value 

Function 

0 

0 

Word transfer 

0 

1 

Byte transfer on upper half of data bus (Di5_s) 

1 

0 

' Byte transfer on lower half of data bus (D7 _q) 

1 

1 

Reserved 
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Table 1 . Pin Description (Cont.) 


Name and Function 

Bus Cycle Status indicates initiation of a bus cycle and, along with M/TU and COD/TNTA, defines 
the type of bus cycle. The bus is in a T s state whenever one or both are LOW. ST and SO are 
active LOW and float to 3-state OFF during bus hold acknowledge. 

80286 Bus Cycle Status Definition 

COD/INTA M/IO ST SO Bus cycle initiated 

O(LOW) 0 0 0 Interrupt acknowledge 

0 0 0 1 Reserved 

0 0 10 Reserved 

0 0 11 None, not a status cycle 

0 1 0 0 IF A1 = 1 then halt, else shutdown 

0 10 1 Memory data read 

0 110 Memory data write 

0 111 None, not a status cycle 

1 (HIGH) 0 0 0 Reserved 

1 0 0 11/0 read 

i 1 ■* 0 1 0 1/0 write 

1 Oil None, not a status cycle 

1 10 0 Reserved 

1 10 1 Memory instruction read 

1 110 Reserved 

1 1 1 1 None , not a status cycle 


Memory/IO Select distinguishes memory access from I/O access. If HIGH during T s , a memory 
cycle or a halt/shutdown cycle is in progress. If LOW, an I/O cycle or an interrupt acknowledge cycle 
is in progress. M/IO floats to 3-state OFF during bus hold acknowledge. 

Code/Interrupt Acknowledge distinguishes instruction fetch .cycles from mem ory data read cycles. 
Also distinguishes interrupt acknowledge cycles from I/O cycles. COD/INTA floats to 3-state OFF 
during bus hold acknowledge. Its timing is the same as M/IO. 

Bus Lock indicates that ot her sys tem bus masters are not to gain control of the system bus following 
the current bus cycle. The LOCK signal may be activated explicitly by the “LOCK” instruction prefix 
or automatically by 802 86 hard ware during memory XCHG instructions, interrupt acknowledge, or 
descriptor table access. LOCK is active LOW and floats to 3-state OFF during bus hold acknowledge. 

Bus Ready ter minates a bus cycle. Bus cycles are extended without limit until terminated by READY 
LOW. READY is an active LOW synchro nous inp ut requiring setup and hold times relative to the 
system clock be met for correct operation. READY is ignored during bus hold acknowledge. 

Bus Hold Request and Hold Acknowledge control ownership of the 80286 local bus. The HOLD 
input allows another local bus master to request control of the local bus. When control is granted, the 
80286 will float its bus drivers to 3-state OFF and then activate HLDA, thus entering the bus hold 
acknowledge condition. The local bus will remain granted to the requesting master until HOLD 
becomes inactive which results in the 80286 deactivating HLDA and regaining control of the local 
bus. This terminates the bus hold acknowledge condition. HOLD may be asynchronous to the system 
clock. These signals are active HIGH 

Interrupt Request requests the 80286 to suspend its current program execution and service a 
pending external request. Interrupt requests are masked whenever the interrupt enable bit in the 
flag word is cleared. When the 80286 responds to an interrupt request, it performs two interrupt 
acknowledge bus cycles to read an 8-bit interrupt vector that identifies the source of the interrupt. To 
assure program interruption, INTR must remain active until the first interrupt acknowledge cycle is 
completed. INTR is sampled at the beginning of each processor cycle and must be active HIGH at 
least two processor cycles before the current instruction ends in order to interrupt before the next 
instruction. INTR is level sensitive, active HIGH, and may be asynchronous to the system clock. 

Non-maskable Interrupt Request interrupts the 80286 with an internally supplied vector value of 
2. No interrupt acknowledge cycles are performed. The interrupt enable bit in the 80286 flag word 
does not affect this input. The NMI input is active HIGH, may be asynchronous to the system clock, 
and is edge triggered after internal synchronization. For proper recognition, the input must have 
been previously LOW for at least four system clock cycles and remain HIGH for at least four system 
clock cycles. 
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Table 1 . Pin Description (Cont.) 


Name and Function 


Processor Extension Operand Request and Acknowledge extend the memory management and protection 
capabilities of the 80286 to processor extensions . TheP EREQ input requests the 80286 to perform a data, 
operand transfer for a processor extension. The PEACK output signals the processor extension when thej 
requested op erand is being transferred. PEREQ is active HIGH and flo ats to 3-state OFF during bus hold| 
acknowledge. PEACK may be asynchronous to the system clock. PEACK is active LOW. 

Processor Extension B usy and Error indicate the operating condition of a processor extension 
to the 80286. An active BUSY input stops 80286 program execution on WAIT and some ESC 
ins truction s until BUSY becomes inacti ve (HIGH ). The 80286 may be interrupted while waiting 
for BUSY to become inactive. An active ERROR input causes the 80286 to perform a processor 
extension interrupt when executing WAIT or some ESC instructions. These inputs are active 
LOW and may be asynchronous to the system clock. 


System Reset clears the internal logic of the 80286 and is active HIGH. The 80286 may be re- 
initialized at any time with a LOW to HIGH transition on RESET which remains active for more than 
16 system clock cycles. During RESET active, the output pins of the 80286 enter the state shown 
below: 


80286 Pin State During Reset ] 

Pin Value 

Pin Names 

1 (HIGH) 

0 (LOW) 
3-state OFF 

SO, SI , PEACK, A23-A0, BHE, LOCK 

M/IO, COD/INTA, HLDA 

Di 5 -Dq 


Operation of the 80286 begins after a HIGH to LOW transition on RESET. The HIGH to LOW transi- 
tion of RESET must be synchronous to the system clock. Approximately 50 system clock cycles are 
required by the 80286 for internal initializations before the first bus cycle to fetch code from the 
power-on execution address is performed. 

A LOW to HIGH transition of RESET synchronous to the system clock will end a processor 
cycle at the second HIGH to LOW transition of the system clock. The LOW to HIGH transition 
of RESET may be asynchronous to the system clock; however, in this case it cannot be prede- 
termined which phase of the processor clock will occur during the next bystem clock period. 
Synchronous LOW to HIGH transitions of RESET are required only for systems where the 
processor clock must be phase synchronous to another clock. 


System Ground: 0 Volts. 


System Power: + 5 Volt Power Supply. 


Substrate Filter Capacitor: a 0.047[if ± 20% 12V capacitor must be connected between this pin 
and ground. This capacitor filters the output of the internal substrate bias generator. A maximum DC 
leakage current of 1 |xa is allowed through the capacitor. 

For correct operation of the 80286, the substrate bias generator must charge this capacitor to its 
operating voltage. The capacitor chargeup time is 5 milliseconds (max.) after Vpc and CLK reach 
their specified AC and DC parameters. RESET may be applied to prevent spurious activity by the 
CPU during this time. After this time, the 80286 processor clock can be phase synchronized to 
another clock by pulsing RESET LOW synchronous to the system clock. 
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FUNCTIONAL DESCRIPTION 
Introduction 

The 80286 is an advanced, high-performance micro- 
processor with specially optimized capabilities for mul- 
tiple user and multi-tasking systems. Depending on the 
application, the 80286’s performance is up to six times 
faster than the standard 5 MHz 8086’s, while providing 
complete upward software compatibility with Intel’s iAPX 
86, 88, and 186 family of CPU’s. 

The 80286 operates in two modes: iAPX 86 real address 
mode and protected virtual address mode. Both modes 
execute a superset of the iAPX 86 and 88 instruction set. 

In iAPX 86 real address mode programs use real ad- 
dresses with up to one megabyte of address space. Pro- 
grams use virtual addresses in protected virtual address 
mode, also called protected mode. In protected mode, 
the 80286 CPU automatically maps 1 gigabyte of virtual 
addresses per task into a 16 megabyte real address 
space. This mode also provides memory protection to 
isolate the operating system and ensure privacy of each 
tasks’ programs and data. Both modes provide the same 
base instruction set, registers, and addressing modes. 

The following Functional Description describes first, the 
base 80286 architecture common to both modes, sec- 
ond, iAPX 86 real address mode, and third, protected 
mode. 


iAPX 286/10 BASE ARCHITECTURE 

The iAPX 86, 88, 186, and 286 CPU family all contain 
the same basic set of registers, instructions, and ad- 
dressing modes. The 80286 processor is upward com- 
patible with the 8086, 8088, and 80186 CPU’s. 


Register Set 

The 80286 base architecture has fifteen registers as 
shown in Figure 3. These registers are grouped into the 
following four categories: 


General Registers: Eight 16-bit general purpose reg- 
isters used to contain arithmetic and logical operands. 
Four of these (AX, BX, CX, and DX) can be used either 
in their entirety as 16-bit words or split into pairs of sep- 
arate 8-bit registers. 


Segment Registers: Four 16-bit special purpose reg- 
isters select, at any given time, the segments of memory 
that are immediately addressable for code, stack, and 
data. (For usage, refer to Memory Organization ) 


Base and Index Registers: Four of the general pur- 
pose registers may also be used to determine offset ad- 
dresses of operands in memory. These registers may 
contain base addresses or indexes to particular loca- 
tions within a segment. The addressing mode deter- 
mines the specific registers used for operand address 
calculations. 


Status and Control Registers: The 3 16-bit special 
purpose registers in figure 3A record or control cer- 
tain aspects of the 80286 processor state including 
the Instruction Pointer, which contains the offset 
address of the next sequential instruction to be 
executed. 


16-BIT 

REGISTER 

NAME 


SPECIAL 

REGISTER 

FUNCTIONS 


BYTE 

ADDRESSABLE 

(8-BIT 

REGISTER 

NAMES 

SHOWN) 



MULTIPLY/DIVIDE 
I/O INSTRUCTIONS 

LOOP/SHIFT/REPEAT COUNT 

BASE REGISTERS 

INDEX REGISTERS 
STACK POINTER 


GENERAL 

REGISTERS 


CS 

DS 

SS 

ES 

SEGMENT REGISTERS 

15 0 

F 

IP 

MSW 

STATUS AND CONTROL 
REGISTERS 


CODE SEGMENT SELECTOR 
DATA SEGMENT SELECTOR 
STACK SEGMENT SELECTOR 
EXTRA SEGMENT SELECTOR 

FLAGS 

INSTRUCTION POINTER 
MACHINE STATUS WORD 


Figure 3. Register Set 
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STATUS FLAGS- 
CARRY 
PARITY - 

AUXILIARY CARRY 
ZERO 
SIGN 

OVERFLOW • 


15 


■em: 


14 


13 


izr 


if i ^ i 



m 


CONTROL FLAGS. 
TRAP FLAG 
INTERRUPT ENABLE 
DIRECTION FLAG 


SPECIAL FIELDS. 

I/O PRIVILEGE LEVEL 
NESTED TASK FLAG 




ESI 


INTEL RESERVED 


TASK SWITCH - 
PROCESSOR EXTENSION EMULATED - 
MONITOR PROCESSOR EXTENSION . 

PROTECTION ENABLE - 


Figure 3a. Status and Control Register Bit Functions 


Flags Word Description 

The Flags word (Flags) records specific characteristics 
of the result of logical and arithmetic instructions (bits 0, 
2, 4, 6, 7, and 1 1 ) and controls the operation of the 80286 
within a given operating mode (bits 8 and 9). Flags is a 
16-bit register. The function of the flag bits is given in 
Table 2. 

Instruction Set 

The instruction set is divided into seven categories: data 
transfer, arithmetic, shift/rotate/logical, string manipula- 
tion, control transfer, high level instructions, and pro- 
cessor control. These categories are summarized in 
Figure 4. 

An 80286 instruction can reference zero, one, or two 
operands; where an operand resides in a register, in the 
instruction itself, or in memory. Zero-operand instruc- 
tions (e.g. NOP and HLT) are usually one byte long. One- 
operand instructions (e.g. INC and DEC) are usually two 
bytes long but some are encoded in only one byte. One- 
operand instructions may reference a register or mem- 
ory location. Two-operand instructions permit the follow- 
ing six types of instruction operations: 

— Register to Register 
— Memory to Register 
— Immediate to Register 
— Memory to Memory 
— Register to Memory 
— Immediate to Memory 


Table 2. Flags Word Bit Functions 


Bit 

Position 

Name 

Function 

0 

CF 

Carry Flag — Set on high-order bit 
carry or borrow; cleared otherwise 

2 

PF 

Parity Flag— Set if low-order 8 bits 
of result contain an even number of 
1 -bits; cleared otherwise 

4 

AF 

Set on carry from or borrow to the 
low order four bits of AL; cleared 
otherwise 

6 

ZF 

Zero Flag-Set if result is zero; 
cleared otherwise 

7 

SF 

Sign Flag — Set equal to high-order 
bit of result (0 if positive, 1 if negative) 

11 

OF 

Overflow Flag — Set if result is a too- 
large positive number or a too-small 
negative number (excluding sign-bit) 
to fit in destination operand; cleared 
otherwise 

8 

TF 

Single Step Flag— Once set, a sin- 
gle step interrupt occurs after the 
next instruction executes. TF is 
cleared by the single step interrupt. 

9 

IF 

Interrupt-enable Flag — When set, 
maskable interrupts will cause the 
CPU to transfer control to an inter- 
rupt vector specified location. 

10 

DF 

Direction Flag— Causes string 
instructions to auto decrement 
the appropriate index registers 
when set. Clearing DF causes 
auto increment. 
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Two-operand instructions (e.g. MOV and ADD) are usu- 
ally three to six bytes long. Memory to memory opera- 
tions are provided by a special class of string instructions 
requiring one to three bytes. For detailed instruction for- 
mats and encodings refer to the instruction set summary 
at the end of this document. 

For detailed operation and usage of each instruction, see 
Appendix of iAPX 286 Programmer’s Reference Manual 
(Order No. 210498) 


GENERAL PURPOSE 

MOV 

Move byte or word 

PUSH 

Push word onto stack 

POP 

Pop word off stack 

PUSHA 

Push all registers on stack 

POPA 

Pop all registers from stack 

XCHG 

Exchange byte or word 

XL AT 

Translate byte 

INPUT/OUTPUT 

IN 

Input byte or word 

OUT 

Output byte or word 

ADDRESS OBJECT 

LEA 

Load effective address 

LDS 

Load pointer using DS 

LES 

Load pointer using ES 

| FLAG TRANSFER | 

LAHF 

Load AH register from flags 

SAHF 

Store AH register in flags 

PUSHF 

Push flags onto stack 

POPF 

Pop flags off stack 


Figure 4a. Data Transfer Instructions 


MOVS 

Move byte or word string 

INS 

Input bytes or word string 

OUTS 

Output bytes or word string 

CMPS 

Compare byte or word string 

SCAS 

Scan byte or word string 

LODS 

Load byte or word string 

STOS 

Store byte or word string 

REP 

Repeat 

REPE/REPZ 

Repeat while equal/zero 

REPNE/REPNZ 

Repeat while not equal/not zero 


Figure 4c. String Instructions 


ADDITION 

ADD 

Add byte or word 

ADC 

Add byte or word with carry 

INC 

Increment byte or word by 1 

AAA 

ASCII adjust for addition 

DAA 

Decimal adjust for addition 

SUBTRACTION | 

SUB 

Subtract byte or word 

SBB 

Subtract byte or word with borrow 


Decrement byte or word by 1 

iKSsH 

Negate byte or word 

CMP 

Compare byte or word 

AAS 

ASCII adjust for subtraction 

DAS 

Decimal adjust for subtraction 

MULTIPLICATION 

MUL 

Multiply byte or word unsigned 

IMUL 

Integer multiply byte or word 

AAM 

ASCII adjust for multiply 

DIVISION | 

DIV 

Divide byte or word unsigned 

HsSSU 

Integer dividebyte or word 


ASCII adjust for division 


Convert byte to word 

mm 

Convert word to doubleword 


Figure 4b. Arithmetic instructions 


LOGICALS 

NOT 

“Not" byte or word 

AND 

“And” byte or word 

OR 

“Inclusive or” byte or word 

XOR 

“Exclusive or” byte or word 

TEST 

“Test” byte or word 

| SHIFTS | 

SHL/SAL 

Shift logical/arithmetic left byte or word 

SHR 

Shift logical right byte or word 

SAR 

Shift arithmetic right byte or word 

] ROTATES | 


Rotate left byte or word 


Rotate right byte or word 


Rotate through carry left byte or word 

| RCR 

Rotate through carry right byte or word 


Figure 4d. Shift/Rotate/Logical Instructions 
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CONDITIONAL TRANSFERS UNCONDITIONAL TRANSFERS 

JA/JNBE Jump if above/not below nor equal CALL Call procedure 

JAE/JNB Jump if above or equal/not below RET Return from procedure 

JB/JNAE Jump if below/not above nor equal JMP Jump 

JBE/JNA Jump if below or equal/not above 

JC Jump if carry ITERATION CONTROLS 

JE/JZ Jump if equal/zero 

JG/JNLE Jump if greater/not less nor equal LOOP Loop ' 

JGE/JNL Jump if greater or equal/not less LOOPE/LOOPZ Loop if equal/zero 

JL/JNGE Jump if less/not greater nor equal LOOPNE/LOOPNZ Loop if not equal/not zero 

JLE/JNG Jump if less or equal/not greater JCXZ Jump if register CX = 0 

JNC Jump if hot carry 

JNE/JNZ Jump if not equal/not zero INTERRUPTS 

JNO Jump if not overflow 


JNP/JPO 

Jump if not parity/parity odd 

INT 

Interrupt 

JNS 

Jump if not sign 

INTO 

Interrupt if overflow 

JO 

Jump if overflow 

IRET 

Interrupt return 

JP/JPE 

Jump if parity/parity even 



JS 

Jump if sign 




Figure 4e. Program Transfer Instructions 


FLAG OPERATIONS 

STC 

Set carry flag 

CLC 

Clear carry flag 

CMC 

Complement carry flag 

STD 

Set direction flag 

CLD 

Clear direction flag 

STI 

Set interrupt enable flag 

CLI 

Clear interrupt enable flag 

| EXTERNAL SYNCHRONIZATION 1 

HLT 

Halt until interrupt or reset 

WAIT 

Wait for BUSY not active . 

ESC 

Escape to extension processor 

LOCK 

Lock bus during next instruction 

NO OPERATION 

NOP ) 

No operation 


EXECUTION ENVIRONMENT CONTROL 

LMSW Load machine status word 

SMSW Store machine status word 


Figure 4f. Processor Control Instructions 


ENTER 

Format stack for procedure entry 

LEAVE 

Restore stack for procedure exit 

BOUND 

Detects values outside prescribed range 


Figure 4g. High Level Instructions 


Memory Organization 

Memory is organized as sets of variable length seg- 
ments. Each segment is a linear contiguous sequence 
of up to 64K ( 2 16) 8-bit bytes. Memory is addressed us- 
ing a two-component address (a pointer) that consists 
of a 16-bit segment selector, and a 16-bit offset. The 
segment selector indicates the desired segment in 
memory. The offset component indicates the desired byte 
address within the segment. 



Figure 5. Two Component Address 
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Table 3. Segment Register Selection Rules 


Memory 

Reference Needed 

Segment Register 
Used 

Implicit Segment 
Selection Rule 

Instructions 

Code (CS) 

Automatic with instruction prefetch 

Stack 

Stack (SS) 

All stack pushes and pops. Any memory reference which uses BP as a 
base register. 

Local Data 

Data (DS) 

All data references except when relative to stack or string destination 

External (Global) Data 

Extra (ES) 

Alternate data segment and destination of string operation 


All instructions that address operands in memory must 
specify the segment and the offset. For speed and com- 
pact instruction encoding, segment selectors are usu- 
ally stored in the high speed segment registers. An 
instruction need specify only the desired segment reg- 
ister and an offset in order to address a memory operand. 

Most instructions need not explicitly specify which seg- 
ment register is used. The correct segment register is 
automatically chosen according to the rules of Table 3. 
These rules follow the way programs are written (see 
Figure 6) as independent modules that require areas for 
code and data, a stack, and access to external data areas. 

Special segment override instruction prefixes allow 
the implicit segment register selection rules to be 
overridden for special cases. The stack, data, and 
extra segments may coincide for simple programs. 
To access operands not residing in one of the four 
immediately available segments, a full 32-bit pointer 
or a new segment selector must be loaded. 

Addressing Modes 

The 80286 provides a total of eight addressing modes 
for instructions to specify operands. Two addressing 
modes are provided for instructions that operate on reg- 
ister or immediate operands: 

Register Operand Mode: The operand is located in 
one of the 8 or 1 6-bit general registers. 

Immediate Operand Mode. The operand is included 
in the instruction. 

Six modes are provided to specify the location of an op- 
erand in a memory segment. A memory operand ad- 
dress consists of two 16-bit components: segment 
selector and offset. The segment selector is supplied by 
a segment register either implicitly chosen by the ad- 
dressing mode or explicitly chosen by a segment over- 
ride prefix. The offset is calculated by summing any 
combination of the following three address elements: 

the displacement (an 8 or 16-bit immediate value 
contained in the instruction) 

the base (contents of either the BX or BP base 
registers) 

the index (contents of either the SI or Dl index registers) 


r 1 


MODULE A 


MODULE B 


PROCESS 

STACK 


PROCESS 
DATA 
BLOCK 1 


PROCESS 
DATA 
BLOCK 2 



I I 

L J 


MEMORY 


Figure 6. Segmented Memory Helps 
Structure Software 


Any carry out from the 16-bit addition is ignored. Eight- 
bit displacements are sign extended to 16-bit values. 

Combinations of these three address elements define 
the six memory addressing modes, described below. 

Direct Mode: The operand’s offset is contained in the 
instruction as an 8 or 16-bit displacement element. 

Register Indirect Mode: The operand’s offset is in one 
of the registers SI, Dl, BX, or BP. 

Based IW|ode: The operand’s offset is the sum of an 8 or 
16-bit displacement and the contents of a base register 
(BX or BP). 
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Indexed Mode: The operand’s offset is the sum of an 8 
or 16-bit displacement and the contents of an index reg- 
ister (SI or Dl). 

Based Indexed Mode: The operand’s offset is the sum 
of the contents of a base register and an index register. 

Based Indexed Mode with Displacement: The oper- 
and’s offset is the sum of a base register’s contents, an 
index register’s contents, and an 8 or 16-bit displacement. 

Data Types 

The 80286 directly supports the following data types: 
Integer: A signed binary numeric value con- 

tained in an 8-bit byte or a 16-bit word. 
All operations assume a 2’s comple- 
ment representation. Signed 32 and 64- 
bit integers are supported using the iAPX 
286/20 Numeric Data Processor. 

Ordinal: An unsigned binary numeric yalue con- 

tained in an 8-bit byte or 16-bit word. 

Pointer: A 32-bit quantity, composed of a seg- 

ment selector component and an offset 
component. Each component is a 16-bit 
word. 

String: A contiguous sequence of bytes or 

words. A string may contain from 1 byte 
to 64K bytes. 

ASCII: A byte representation of alphanumeric 

and control characters using the ASCII 
standard of character representation. 

BCD: A byte (unpacked) representation of the 

decimal digits 0-9. 

Packed BCD: A byte (packed) representation of two 
decimal digits 0-9 storing one digit in 
each nibble of the byte. 

Floating Point: A signed 32, 64, or 80-bit real number 
representation. (Floating point operands 
are supported using the iAPX 286/20 
Numeric Processor configuration.) 

Figure 7 graphically represents the data types sup- 
ported by the iAPX 286. 


I/O Space 

The I/O space consists of 64K 8-bit or 32K 16-bit ports. 
I/O instructions address the I/O space with either an 8- 
bit port address, specified in the instruction, or a 16-bit 
port address in the DX register. 8-bit port addresses are 
zero extended such that Ai 5 -A 8 are LOW. I/O port ad- 
dresses 00F8(H) through 00FF(H) are reserved. 


7 0 


SIGNED 

BYTE 

rm 

SIGN BIT 

j i i 

MAGNITUDE 

UNSIGNED 

BYTE 

7 0 

| TI l T TTT 1 


1 MSB , 


MAGNITUDE 

1514 +1 8 7 0 0 

signed | n III 1 1 TTTTTTT 
W0RD | | I | I 

SIGN BIT - 1 1 L MSB | 

MAGNITUDE 


SIGNED 31 +3 +2 16 15 +1 

c 

1 0 

D OUBLE | | 1 1 1 | 11 1 ' | 1 1 


FT 

FT 

SIGN BIT-1,1- MSB , 

MAGNITUDE 




+ 7 +6 +5 +4 +3 

SIGNED 63 48 47 32 31 

+ 2 +1 
1615 

0 

o 

WORD* 11 r 1 1 1 

n 

n 

n 

SIGN BIT- 1 , 1 — MSB , 


MAGNITUDE 


15 +1 0 o 

unsigned rn 1 1 1 1 1 1 1 1 1 1 1 1 n 

WORD | I | I | 


i L MSB 

MAGNITUDE 


BINARY 

CODED 
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(BCD) 


7 + " 0 

[ T T i jr rr 


BCD 
DIGIT N 


7 +1 0 7 0 0 

n T T | m : " nT Tjn -' n 


BCD BCD 

DIGIT 1 DIGIT 0 



ASCII 

CHARACTERn 


PACKED 

BCD 


7 +N o 

H'TTTTTT I 


MOST 

SIGNIFICANT DIGIT 


7 07 u 0 

| ' m | ii i T ii rpTn 
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BYTE/WORD N 
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FLOATING 
POINT* 
SIGN BIT — *1 


SELECTOR OFFSET 

g +9 +8 +7 +6 +5 +4 +3 +2 +1 
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‘Supported by iAPX 286/20 Numeric Data Processor Configuration 


Figure 7. iAPX 286 Supported Data Types 
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Table 4. Interrupt Vector Assignments 


Function 

Interrupt 

Number 

Related 

Instructions 

Does Return Address 
Point to Instruction 
Causing Exception? 

Divide error exception 

0 

DIV, IDIV 

Yes 

Single step interrupt 

i 

All 


NMI interrupt 

2 

INT 2 or NMI pin 


Breakpoint interrupt 

3 

INT 3 

■ 

INTO detected overflow exception 

4 

INTO 

No 

BOUND range exceeded exception 

5 

BOUND 

Yes 

Invalid opcode exception 

6 

Any undefined opcode 

Yes 

Processor extension not available exception 

7 

ESC or WAIT 

Yes 

Intel reserved-do not use 

8-15 



Processor extension error interrupt 

16 

ESC or WAIT 


Intel reserved-do not use 

17-31 



User defined 

32-255 




Interrupts 

An interrupt transfers execution to a new program loca- 
tion. The old program address (CS:IP) and machine state 
(Flags) are saved on the stack to allow resumption 
of the interrupted program. Interrupts fall into three 
classes: hardware initiated, INT instructions, and instruc- 
tion exceptions. Hardware initiated interrupts occur 
in response to an external input and are classified 
as non-maskable or maskable. Programs may cause 
an interrupt with an INT instruction. Instruction excep- 
tions occur when an unusual condition, which pre- 
vents further instruction processing, is detected while 
attempting to execute an instruction. The return ad- 
dress from an exception will always point at the in- 
struction causing the exception and include any leading 
instruction prefixes. 

A table containing up to 256 pointers defines the proper 
interrupt service routine for each interrupt. Interrupts 0- 
31 , some of which are used for instruction exceptions, 
are reserved. For each interrupt, an 8-bit vector must be 
supplied to the 80286 which identifies the appropriate 
table entry. Exceptions supply the interrupt vector inter- 
nally. INT instructions contain or imply the vector and 
allow access to all 256 interrupts. Maskable hardware 
initiated interrupts supply the 8-bit vector to the CPU 
during an interrupt acknowledge bus sequence. Non- 
maskable hardware interrupts use a predefined inter- 
nally supplied vector. 

MASKABLE INTERRUPT (INTR) 

The 80286 provides a maskable hardware interrupt re- 
quest pin, INTR. Software enables this input by setting 


the interrupt flag bit (IF) in the flag word. All 224 user- 
defined interrupt sources can share this input, yet they 
can retain separate interrupt handlers. An 8-bit vector 
read by the CPU during the interrupt acknowledge se- 
quence (discussed in System Interface section) identi- 
fies the source of the interrupt. 

Further maskable interrupts are disabled while servic- 
ing an interrupt by resetting the IF but as part of the 
response to an interrupt or exception. The saved flag 
word will reflect the enable status of the processor prior 
to the interrupt. Until the flag word is restored to the flag 
register, the interrupt flag will be zero unless specifically 
set. The interrupt return instruction includes restoring 
the flag word, thereby restoring the original status of IF. 

NON-MASKABLE INTERRUPT REQUEST (NMI) 

A non-maskable interrupt input (NMI) is also provided. 
NMI has higher priority than INTR. A typical use of NMI 
would be to activate a power failure routine. The activa- 
tion of this input causes an interrupt with an internally 
supplied vector value of 2. No external interrupt ac- 
knowledge sequence is performed. 

While executing the NMI servicing procedure, the 80286 
will service neither further NMI requests, INTR re- 
quests, nor the processor extension segment overrun 
interrupt until an interrupt return (IRET) instruction is ex- 
ecuted or the CPU is reset. If NMI occurs while currently 
servicing an NMI, its presence will be saved for servic- 
ing after executing the first IRET instruction. IF is cleared 
at the beginning of an NMI interrupt to inhibit INTR 
interrupts. 


4-1 r 


210253-007 





iAPX 286/10 


APmKKgl DMF@REMiril®M 


inter 


SINGLE STEP INTERRUPT 

The 80286 has an internal interrupt that allows pro- 
grams to execute one instruction at a time. It is called the 
single step interrupt and is controlled by the single step 
flag bit (TF) in the flag word. Once this bit is set, an inter- 
nal single step interrupt will occur after the next instruc- 
tion has been executed. The interrupt clears the TF bit 
and uses an internally supplied vector of 1. The I RET 
instruction is used to set the TF bit and transfer control 
to the next instruction to be single Stepped. 

Interrupt Priorities 

When simultaneous interrupt requests occur, they are 
processed in a fixed order as shown in Table 5. Interrupt 
processing involves saving the flags, return address, and 
setting CS:IP to point at the first instruction of the inter- 
rupt handler. If other interrupts remain enabled they are 
processed before the first instruction of the current in- 
terrupt handler is executed. The last interrupt processed 
is therefore the first one serviced. 


Table 5. Interrupt Processing Order 


Order 

Interrupt 

1 

Instruction exception 

2 

Single step 

3 

NMI 

4 

Processor extension segment overrun 

5 

INTR 

6 

INT instruction 


Initialization and Processor Reset 

Processor initialization or start up is accomplished by 
driving the RESET input pin HIGH. RESET forces the 
80286 to terminate all execution and local bus activity. 
No instruction or bus activity will occur as long as RE- 
SET is active. After RESET becomes inactive and an 
internal processing interval elapses, the 80286 begins 
execution in real address mode with the instruction at 
physical location FFFFFO(H). RESET also sets some 
registers to predefined values as shown as shown in 
Table 6 . 


Table 6. 80286 Initial Register State after RESET 


Flag word 

0002(H) 

Machine Status Word 

FFF0(H) 

Instruction pointer 

FFFO(H) 

Code segment 

F000(H) 

Data segment 

0000(H) 

Extra segment 

0000(H) 

Stack segment 

0000(H) 


Machine Status Word Description 

The machine status word (MSW) records when a task 
switch takes place and controls the operating mode of 
the 80286. It is a 16-bit register of which the lower four 
bits are used. One bit places the CPU into protected 
mode, while the other three bits, as shown in Table 7, 
control the processor extension interface. After RESET, 
this register contains FFFO(H) which places the 80286 
in iAPX 86 real address mode. 


Table 7. MSW Bit Functions 


Bit 

Position 

Name 

Function 

0 

PE 

Protected mode enable places the 
80286 into protected mode and can 
not be cleared except by RESET 

1 

MP 

Monitor processor extension al- 
lows WAIT instructions to cause a 
processor extension not present 
exception (number 7) . 

2 

EM 

Emulate processor extension 
causes a processor extension not 
present exception (number 7) on 
ESC instructions to allow emulat- 
ing a processor extension. 

3 

TS 

Task switched indicates the next 
instruction using a processor ex- 
tension will cause exception 7, al- 
lowing software to test whether the 
current processor extension con- 
text belongs to the current task. 


The LMSW and SMSW instructions can load and store 
the MSW in real address mode. The recommended use 
of TS, EM, and MP is shown in Table 8. 


Table 8. Recommended MSW Encodings For Processor Extension Control 


D 



Recommended Use 

Instructions 
Causing 
Exception 7 

H 

0 

0 

Initial encoding after RESET. iAPX 286 operation is identical to 
iAPX 86,88. 

None 

0 

0 

D 

No processor extension is available. Software will emulate its function. 

ESC 

■ 


■ 

No processor extension is available. Software will emulate its function. The current 
processor extension context may belong to another task. 

ESC 

roi 

1 

0 

A processor extension exists. 

None 

■ 

■ 

0 

A processor extension exists. The current processor extension context may belong to 
another task. The Exception 7 on WAIT allows software to test for an error pending 
from a previous processor extension operation. 
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Halt 

The HLT instruction stops program execution and pre- 
vents the CPU from using the local bus until restarted. 
Either NMI, INTR with IF = 1, or RESET will force the 
80286 out of halt. If interrupted, the saved CS:IP will 
point to the next instruction after the HLT. 


iAPX 86 REAL ADDRESS MODE 

The 80286 executes a fully upward-compatible superset 
of the 8086 instruction set in real address mode. In real 
address mode the 80286 is object code compatible with 
8086 and 8088 software. The real address mode archi- 
tecture (registers and addressing modes) is exactly as 
described in the iAPX 286/10 Base Architecture section 
of this Functional Description. 

Memory Size 

Physical memory is a contiguous array of up to 
1,048,576 bytes (on e meg abyte) addressed by pins 
A 0 through A 19 and BHE. A 20 through A 23 may be 
ignored. 


Memory Addressing 

In real address mode physical memory is a contiguous 
array of up to 1 ,048,576 bytr es (o ne megabyte) addressed 
by pins A 0 through A 19 and BHE. A 20 through A 23 may be 
ignored. 

The selector portion of a pointer is interpreted as the 
upper 16 bits of a 20-bit segment address. The lower 
four bits of the 20-bit segment address are always zero. 
Segment addresses, therefore, begin on multiples of 16 
bytes. See Figure 8 for a graphic representation of ad- 
dress formation. 

All segments in real address mode are 64K bytes in size 
and may be read, written, or executed. An exception or 
interrupt can occur if data operands or instructions at- 
tempt to wrap around the end of a segment (e.g. a word 
with its low order byte at offset FFFF(H) and its high 
order byte at offset 0000(H)). If, in real address mode, 
the information contained in a segment does not use the 
full 64K bytes, the unused end of the segment may be 
overlayed by another segment to reduce physical mem- 
pry requirements. 

Reserved Memory Locations 

The 80286 reserves two fixed areas of memory in real 
address mode (see Figure 9); system initialization area 
and interrupt table area. Locations from addresses 
FFFFO(H) thorugh FFFFF(H) are reserved for system 
initialization. Initial execution begins at location FFFFO(H). 
Locations 00000(H) through 003FF(H) are reserved for 
interrupt vectors. 



Figure 8. iAPX 86 Real Address Mode Address 
Calculation 



Figure 9. iAPX 86 Real Address Mode Initially 
Reserved Memory Locations 
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Table 9. Real Address Mode Addressing Interrupts 


Function 

Interrupt 

Number 

Related 

Instructions 

Return Address 
Before Instruction? 

Interrupt table limit too small exception 

8 

INT vector is not within table limit 

Yes 

Processor extension segment overrun 
interrupt 

9 

ESC with memory operand extend- 
ing beyond offset FFFF(H) 

No 

Segment overrun exception 

13 

Word memory reference with offset 
= FFFF(H) or an attempt to exe- 
cute past the end of a segment 

Yes 


Interrupts 

Table 9 shows the interrupt vectors reserved for excep- 
tions and interrupts which indicate an addressing error. 
The exceptions leave the CPU in the state existing be- 
fore attempting to execute the failing instruction (except 
for PUSH, POP, PUSHA, or POPA). Refer to the next 
section on protected mode initialization for a discussion 
on exception 8. 

Protected Mode Initialization 

To prepare the 80286 for protected mode, the LIDT in- 
struction is used to load the 24-bit interrupt table base 
and 16-bit limit for the protected mode interrupt table. 
This instruction can also set a base and limit for the in- 
terrupt vector table in real address mode. After reset, 
the interrupt table base is initialized to 000000(H) and 
its size set to 03FF(H). These values are compatible 
with iAPX 86, 88 software. LIDT should only be exe- 
cuted in preparation for protected mode. 

- Shutdown 

Shutdown occurs when a severe error is detected that 
prevents further instruction processing by the CPU. 
Shutdown and halt are externally signalled via a halt bus 
operation. They can be distinguished by A-| HIGH for halt 
and A 1 LOW for shutdown. In real address mode, shut- 
down can occur under two conditions: 

• Exceptions 8 or 13 happen and the IDT limit does not 
include the interrupt vector. 

• A CALL INT or PUSH instruction attempts to wrap 
around the stack segment when SP is not even. 

An NMI input can bring the CPU out of shutdown if the 
IDT limit is at least 000F(H) and SP is greater than 
0005(H), otherwise shutdown can only be exited via the 
RESET input. 


PROTECTED VIRTUAL ADDRESS MODE 

The 80286 executes a fully upward-compatible superset 
of the 8086 instruction set in protected virtual address 
mode (protected mode). Protected mode also provides 
memory management and protection mechanisms and 
associated instructions. 

The 80286 enters protected virtual address mode from 
real address mode by setting the PE (Protection En- 
able) bit of the machine status word with the Load Ma- 
chine Status Word (LMSW) instruction. Protected mode 
offers extended physical and virtual memory address 
space, memory protection mechanisms, and new oper- 
ations to support operating systems and virtual memory. 

All registers, instructions, and addressing modes de- 
scribed in the iAPX 286/10 Base Architecture section of 
this Functional Description remain the same. Programs 
for the iAPX 86, 88, 186, and real address mode 80286 
can be run in protected mode; however, embedded con- 
stants for segment selectors are different. 

Memory Size 

The protected mode 80286 provides a 1 gigabyte virtual 
address space per task mapped into a 16 megabyte 
physical address space defined by the address pins A23 - 
Aq and BHE. The virtual address space may be larger 
than the physical address space since any use of an 
address that does not map to a physical memory loca- 
tion will cause a restartable exception. 

Memory Addressing 

As in real address mode, protected mode uses 32-bit 
pointers, consisting of 16-bit selector and offset com- 
ponents. The selector, however, specifies an index into 
a memory resident table rather than the upper 1 6-bits of 
a real memory address. The 24-bit base address of the 
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desired segment is obtained from the tables in memory. 
The 16-bit offset is added to the segment base address 
to form the physical address as shown in Figure 1 0. The 
tables are automatically referenced by the CPU when- 
ever a segment register is loaded with a selector. All 
iAPX 286 instructions which load a segment register will 
reference the memory based tables without additional 
software. The memory based tables contain 8 byte val- 
ues called descriptors. 



Figure 10. Protected Mode Memory Addressing 


DESCRIPTORS 

Descriptors define the use of memory. Special types of 
descriptors also define new functions for transfer of con- 
trol and task switching. The 80286 has segment de- 
scriptors for code, stack and data segments, and system 
control descriptors for special system data segments and 
control transfer operations. Descriptor accesses are 
performed as locked bus operations to assure descrip- 
tor integrity in multi-processor systems. 

CODE AND DATA SEGMENT DESCRIPTORS (S = 1) 

Besides segment base addresses, code and data de- 
scriptors contain other segment attributes including 
segment size (1 to 64K bytes), access rights (read only, 
read/write, execute only, and execute/read), and pres- 
ence in memory (for virtual memory systems) (See Fig- 
ure 11 ). Any segment usage violating a segment attribute 
indicated by the segment descriptor will prevent the 
memory cycle and cause an exception or interrupt. 


Code or Data Segment Descriptor 


ACCESS 
RIGHTS BYTE 


INTEL RESERVED* 


BASE 15-0 

I 


‘Must be set to 0 for compatabillty with IAPX 386. 


Access Rights Byte Definition 


Bit 

Position 

Name 


Function 


7 

Present (P) 

P = 1 
P = 0 

Segment is mapped into physical memory. 

No mapping to physical memory exists, base and limit are not used. 

6-5 

Descriptor Privilege 
Level (DPL) 


Segment privilege attribute used in privilege tests. 


4 

Segment Descrip- 
tor (S) 

S = 1 
S = 0 

Code or Data (includes stacks) segment descriptor 
System Segment Descriptor or Gate Descriptor 


3 

Executable (E) 

E = 0 

Data segment descriptor type is: 

If 

2 

Expansion Direc- 

ED = 0 

Expand up segment, offsets must be < limit. 

Data 


tion (ED) 

ED = 1 

Expand down segment, offsets must be > limit. 

_ Segment 

1 

Writeable (W) 

O T- 

II II 

Data segment may not be written into. 

Data segment may be written into. „ 

(S = 1, 
E = 0) 

3 

Executable (E) 

E = 1 

Code Segment Descriptor type is: 

it 

2 

Conforming (C) 

C = 1 

Code segment may only be executed when CPL > DPL 
and CPL remains unchanged. 

Hi— 

1 

Readable (R) 

R = 0 

Code segment may not be read. 

= l, 



R = 1 

Code segment may be read. — 

E = 1) 

0 

Accessed (A) 

A = 0 

Segment has not been accessed. 




A = 1 

Segment selector has been loaded into segment register or used 
by selector test instructions. 


Figure 11. Code and Data Segment Descriptor Formats 
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Code and data (including stack data) are stored in two 
types of segments: code segments and data segments. 
Both types are identified and defined by segment descrip- 
tors (S = 1). Code segments are identified by the execu- 
table (E) bit set to 1 in the descriptor access rights byte. The 
access rights byte of both code and data segment descrip- 
tor types have three fields in common: present (P) bit, 
Descriptor Privilege Level (DPL), and accessed (A) bit. 
If P = 0, any attempted use of this segment will cause 
a not-present exception. DPL specifies the privilege level 
of the segment descriptor. DPL controls when the descrip- 
tor may be used by a task (refer to privilege discussion 
below). The A bit shows whether the segment has been 
previously accessed for usage profiling, a necessity for 
virtual memory systems. The CPU will always set this bit 
when accessing the descriptor. 

Data segments (S = 1 , E = 0) may be either read-only or 
read-write as controlled by the W bit of the access rights 
byte. Read-only (W= 0) data segments may not be writ- 
ten into. Data segments may grow in two directions, as 
determined by the Expansion Direction (ED) bit: up- 
wards (ED = 0) for data segments, and downwards 
(ED = 1 ) for a segment containing a stack. The limit field 
for a data segment descriptor is interpreted differently 
depending on the ED bit (see Figure 11). 

A code segment (S = 1 , E=1) may be execute-only 
or execute/read as determined by the Readable (R) 
bit. Code segments may never be written into and 
execute-only code segments (R=0) may not be read. 
A code segment may also have an attribute called 
conforming (C). A conforming code segment may be 
shared by programs that execute at different privi- 
lege levels. The DPL of a conforming code segment 
defines the range of privilege levels at which the 
segment may be executed (refer to privilege discus- 
sion below). The limit field identifies the last byte of 
a code segment. v 

SYSTEM SEGMENT DESCRIPTORS (S = 0, TYPE = 1-3) 

In addition to code and data segment descriptors, the pro- 
tected mode 80286 defines System Segment Descriptors. 
These descriptors define special system data segments 
which contain a table of descriptors (Local Descriptor 
Table Descriptor) or segments which contain the execu- 
tion state of a task (Task State Segment Descriptor). 

Figure 12 gives the formats for the special system data 
segment descriptors. The descriptors contain a 24-bit 
base address of the segment and a 16-bit limit. The 
access byte defines the type of descriptor, its state and 
privilege level. The descriptor contents are valid and the 
segment is in physical memory if P = 1. If P = 0, the 
segment is not valid. The DPL field is only used in Task 
State Segment descriptors and indicates the privilege 
level at which the descriptor may be used (see Privilege). 
Since the Local Descriptor Table descriptor may only be 
used by a special privileged instruction, the DPL field is 
not used. Bit 4 of the access byte is 0 to indicate that it 


System Segment Descriptor 


7 0 7 0 


+ 7 

INTEL RE 

— 

SERVED* 

+ 5 


DPL 

1 

° 

TYPE 
1 1 1 

BASE 23 -I 6 

+ 3 

BASEis-o 

+ 1 

LIMIT 15-0 

1 


15 8 7 0 

*Must be set to 0 for compatabllity with iAPX 386. 


System Segment Descriptor Fields 


Name 

Value 

Description 

TYPE 

1 

Available Task State Seqment (TSS) 


2 

Local Descriptor Table 


3 

Busy Task State Segment (TSS) 

P 

0 

Descriptor contents are not valid 


1 

Descriptor contents are valid 

DPL 

0-3 

Descriptor Privilege Level 

BASE 

24-bit 

Base Address of special system data 


number 

segment in real memory 

LIMIT 

16-bit 

number 

Offset of last byte in segment 


Figure 12. System Segment Descriptor Format 


is a system control descriptor. The type field specifies 
the descriptor type as indicated in Figure 12. 

GATE DESCRIPTORS (S = 0, TYPE = 4-7) 

Gates are used to control access to entry points within 
the target code segment. The gate descriptors are call 
gates, task 'gates, interrupt gates and trap gates. Gates 
provide a level of indirection between the source and 
destination of the control transfer. This indirection allows 
the CPU to automatically perform protection checks and 
control entry point of the destination. Call gates are used 
to change privilege levels (see Privilege), task gates are 
used to perform a task switch, and interrupt and trap 
gates are used to specify interrupt service routines. The 
interrupt gate disables interrupts (resets IF) while the 
trap gate does not. 

Figure 13 shows the format of the gate descriptors. The 
descriptor contains a destination pointer that points to 
the descriptor of the target segment and the entry point 
offset. The destination selector in an interrupt gate, trap 
gate, and call gate must refer to a code segment de- 
scriptor. These gate descriptors contain the entry point 
to prevent a program from constructing and using an 
illegal entry point. Task gates may only refer to a task 
state segment. Since task gates invoke a task switch, 
the destination offset is not used in the task gate. 

Exception 13 is generated when the gate is used if a 
destination selector does not refer to the correct de- 
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Gate Descriptor 


7 



0 7 


0 

— 

INTEL RE 

SERVED* 

E 

DPL 

1 

0 

TYPE 
1 1 l 

XXX 
_l 1 

WORD 

COUNT 4-0 

DESTINATION SELECTOR 15-2 

1 

X X 

1 

DESTINATION OFFSET 15 _ 0 
1 


•Must be set to 0 for compatability with IAPX 386. (X is don’t care) 


Gate Descriptor Fields 


Name 

Value 

Description 


4 

-Call Gate 

TYPE 

5 

6 

-Task Gate 
-Interrupt Gate 


7 

-Trap Gate 

P 

0 

-Descriptor Contents are not 



valid 


1 

-Descriptor Contents are 



valid 

DPL 

0-3 

Descriptor Privilege Level 

WORD 


Number of words to copy 

COUNT 

0-31 

from callers stack to called 


procedures stack. Only used 
with call gate. 




Selector to the target code 

DESTINATION 

SELECTOR 

16-bit 

selector 

segment (Call, Interrupt or 
Trap Gate) 

Selector to the target task 
state segment (Task Gate) 

DESTINATION 

16-bit 

Entry point within the target 

OFFSET 

offset 

code segment 


Figure 13. Gate Descriptor Format 


scriptor type. The word count field is used in the call gate 
descriptor to indicate the number of parameters (0-31 
words) to be automatically copied from the caller’s stack 
to the stack of the called routine when a control transfer 
changes privilege levels. The word count field is not used 
by any other gate descriptor. 

The access byte format is the same for all gate descrip- 
tors. P = 1 indicates that the gate contents are valid. P 
= 0 indicates the contents are not valid and causes ex- 


ception 11 if referenced. DPL is the descriptor privilege 
level and specifies when this descriptor may be used by 
a task (refer to privilege discussion below). Bit 4 must 
equal 0 to indicate a system control descriptor. The type 
field specifies the descriptor type as indicated in Figure 
13. 


SEGMENT DESCRIPTOR CACHE REGISTERS 

A segment descriptor cache register is assigned to each 
of the four segment registers (CS, SS, DS, ES). Segment 
descriptors are automatically loaded (cached) into a seg- 
ment descriptor cache register (Figure 14) whenever the 
associated segment register is loaded with a selector. 
Only segment descriptors may be loaded into segment 
descriptor cache registers. Once loaded, all references 
to that segment of memory use the cached descriptor 
information instead of reaccessing the descriptor. The 
descriptor cache registers are not visible to programs. 
No instructions exist to store their contents. They only 
change when a segment register is loaded. 


SELECTOR FIELDS 

A protected mode selector has three fields: descriptor 
entry index, local or global descriptor table indicator (Tl), 
and selector privilege (RPL) as shown in Figure 15. These 
fields select one'of two memory based tables of descrip- 
tors, select the appropriate table entry and allow high- 
speed testing of the selector’s privilege attribute (refer 
to privilege discussion below). 



15 

3 2 10 

BITS 

NAME 

FUNCTION 

1-0 

REQUESTED 

PRIVILEGE 

LEVEL 

(RPL) 

INDICATES SELECTOR PRIVILEGE 
LEVEL DESIRED 

2 

TABLE 

INDICATOR 

(Tl) 

Tl = 0 USE GLOBAL DESCRIPTOR TABLE 
(GDT) 

Tl = 1 USE LOCAL DESCRIPTOR TABLE 
(LDT) 

15-3 

INDEX 

SELECT DESCRIPTOR ENTRY IN TABLE 


Figure 15. Selector Fields 



PROGRAM VISIBLE 

r“ 

— 

PROGRAM INVISIBLE 


“1 


SEGMENT SELECTORS 

1 

1 

ACCESS 

RIGHTS 

SEGMENT PHYSICAL BASE ADDRESS SEGMENT SIZE 

1 

CS 


1 




1 

DS 


1 




1 

| 

SS 


1 

1 




1 

ES 


1 

1 




1 

1 

1 

5 ( 

> . 4 

7 40 39 16 IS 

) 


SEGMENT REGISTERS 
(LOADED BY PROGRAM) 

1 

1 

— 

SEGMENT DESCRIPTOR CACHE REGISTERS 
(AUTOMATICALLY LOADED BY CPU) 

1 


Figure 14. Descriptor Cache Registers 
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LOCAL AND GLOBAL DESCRIPTOR TABLES 

Two tables of descriptors, called descriptor tables, con- 
tain all descriptors accessible by a task at any given time. 
A descriptor table is a linear array of up to 81 92 descrip- 
tors. The upper 1 3 bits of the selector value are an index 
into a descriptor table. Each table has a 24-bit base reg- 
ister to locate the descriptor table in physical memory 
and a 16-bit limit register that confine descriptor access 
to the defined limits of the table as shown in Figure 1 6. A 
restartable exception (13) will occur if an attempt is made 
to reference a descriptor outside the table limits. 

One table, called the Global Descriptor Table (GDT), 
contains descriptors available to all tasks. The other ta- 
ble, called the Local Descriptor Table (LQT), contains 
descriptors that can be private to a task. Each task may 
have its own private LDT. The GDT may contain all de- 
scriptor types except interrupt and trap descriptors. The 
LDT may contain only segment, task gate, and call gate 
descriptors. A segment cannot be accessed by a task if 
its segment descriptor does not exist in either descriptor 
table at the time of access. 



Figure 16. Local and Global Descriptor 
Table Definition 


The LGDT and LLDT instructions load the base and limit 
of the global and local descriptor tables. LGDT and LLDT 
are privileged, i.e. they may only be executed by trusted 
programs operating at level 0. The LGDT instruction loads 
a six byte field containing the 1 6-bit table limit and 24-bit 
physical base address of the Global Descriptor Table as 
shown in Figure 17. The LDT instruction loads a selector 
which refers to a Local Descriptor Table descriptor con- 
taining the base address and limit for an LDT, as shown 
in Figure 12. 



7 0 7 

0 


+ 5 

INTEL RESERVED* BASE 23 -I 6 

+ 4 

+ 3 

BASE! 5-0 
1 

+ 2 

+ 1 

LIMIT 15 -o 

0 


5 8 7 

0 


| ‘Must be set to 0 tor compatabillty with iAPX 386. 




Figure 17. Global Descriptor Table and Interrupt 
Descriptor Table Data Type 


INTERRUPT DESCRIPTOR TABLE 

The protected mode 80286 has a third descriptor table, 
called the Interrupt Descriptor Table (IDT) (see Figure 
18), used to define up to 256 interrupts. It may contain 
only task gates, interrupt gates and trap gates. The IDT 
(Interrupt Descriptor Table) has a 24-bit physical base 
and 1 6-bit limit register in the CPU. The privileged LIDT 
instruction loads these registers with a six byte value of 
identical form to that of the LGDT instruction (see Figure 
17 and Protected Mode Initialization). 



Figure 18. Interrupt Descriptor Table Definition 


References to IDT entries are made via INT instruc- 
tions, external interrupt vectors, or exceptions. The IDT 
must be at least 256 bytes in size to allocate space for 
all reserved interrupts. 

Privilege 

The 80286 has a four-level hierarchical privilege system 
which controls the use of privileged instructions and ac- 
cess to descriptors (and their associated segments) within 
a task. Four-level privilege, as shown in Figure 19, is an 
extension of the user/supervisor mode commonly found 
in minicomputers. The privilege levels are numbered 0 
through 3. Level 0 is the most privileged level. Privilege 
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Figure 19. Hierarchical Privilege Levels 


levels provide protection within a task. (Tasks are isolated 
by providing private LDT’s for each task.) Operating 
system routines, interrupt handlers, and other system soft- 
ware can be included and protected within the virtual 
address space of each task using the four levels of privi- 
lege. Each task in the system has a separate stack for 
each of its privilege levels. 

Tasks, descriptors, and selectors have a privilege level 
attribute that determines whether the descriptor may be 
used. Task privilege effects the use of instructions and 
descriptors. Descriptor and selector privilege only effect 
access to the descriptor. 

TASK PRIVILEGE 

A task always executes at one of the four privilege 
levels. The task privilege level at any specific instant 
is called the Current Privilege Level (CPL) and is 
defined by the lower two bits of the CS register. CPL 
cannot change during execution in a single code seg- 
ment. A task’s CPL may only be changed by control 
transfers through gate descriptors to a new code 
segment (See Control Transfer). Tasks begin executing 
at the CPL value specified by the code segment selec- 
tor within TSS when the task is initiated via a task 
switch operation (See Figure 20). A task executing at 
Level 0 can access all data segments defined in the 
GDT and the task’s LDT and is considered the most 
trusted level. A task executing a Level 3 has the most 
restricted access to data and is considered the least 
trusted level. 

DESCRIPTOR PRIVILEGE 

Descriptor privilege is specified by the Descriptor Privi- 


lege Level (DPL) field of the descriptor access byte. DPL 
specifies the least trusted task privilege level (CPL) at 
which a task may access the descriptor. Descriptors with 
DPL = 0 are the most protected. Only tasks executing 
at privilege level 0 (CPL = 0) may access them. De- 
scriptors with DPL = 3 are the least protected (i.e. have 
the least restricted access) since tasks can access them 
when CPL = 0, 1 , 2, or 3. This rule applies to all descrip- 
tors, except LDT descriptors. 


SELECTOR PRIVILEGE 

Selector privilege is specified by the Requested Privi- 
lege Level (RPL) field in the least significant two bits of a 
selector. Selector RPL may establish a less trusted priv- 
ilege level than the current privilege level for the use of a 
selector. This level is called the task’s effective privilege 
level (EPL). RPL can only reduce the scope of a task’s 
access to data with this selector. A task’s effective privi- 
lege is the numeric maximum of RPL and CPL. A selec- 
tor with RPL = 0 imposes no additional restriction on its 
use while a selector with RPL = 3 can only refer to seg- 
ments at privilege Level 3 regardless of the task’s CPL. 
RPL is generally used to verify that pointer parameters 
passed to a more trusted procedure are not allowed to 
use data at a more privileged level than the caller (refer 
to pointer testing instructions). 


Descriptor Access and Privilege Validation 

Determining the ability of a task to access a segment 
involves the type of segment to be accessed, the in- 
struction used, the type of descriptor used and CPL, 
RPL, and DPL. The two basic types of segment ac- 
cesses are control transfer (selectors loaded into CS) 
and data (selectors loaded into DS, ES or SS). 


DATA SEGMENT ACCESS 

Instructions that load selectors into DS and ES must 
refer to a data segment descriptor or readable code seg- 
ment descriptor. The CPL of the task and the RPL of the 
selector must be the same as or more privileged (nu- 
merically equal to or lower than) than the descriptor DPL. 
In general, a task can only access data segments at the 
same or less privileged levels than the CPL or RPL 
(whichever is numerically higher) to prevent a program 
from accessing data it cannot be trusted to use. 

An exception to the rule is a readable conforming code 
segment. This type of code segment can be read from 
any privilege level. 

If the privilege checks fail (e.g. DPL is numerically less 
than the maximum of CPL and RPL) or an incorrect type 
of descriptor is referenced (e.g. gate descriptor or exe- 
cute only code segment) exception 1 3 occurs. If the seg- 
ment is not present, exception 1 1 is generated. 
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Instructions that load selectors into SS must refer to data 
segment descriptors for writable data segments. The 
descriptor privilege (DPL) and RPL must equal CPL. All 
other descriptor types or a privilege level violation will 
cause exception 13. A not present fault causes excep- 
tion^. 

CONTROL TRANSFER 

Four types of control transfer can occur when a selector 
i 3 loaded into CS by a control transfer operation (see 
Table 10). Each transfer type can only occur if the oper- 
ation which loaded the selector references the correct 
descriptor type. Any violation of these descriptor usage 
rules (e.g. JMP through a call gate or RET to a Task State 
S egment) will cause exception 13. 

1 he ability to reference a descriptor for control transfer 
iii also subject to rules of privilege. A CALL or JUMP 
instruction may only reference a code segment descrip- 
tor with DPL equal to the task CPL or a conforming seg- 
ment with DPL of equal or greater privilege than CPL. 
The RPL of the selector used to reference the code de- 
scriptor must have as much privilege as CPL. 

RET and I RET instructions may only reference code 
segment descriptors with descriptor privilege equal to or 
less privileged than the task CPL. The selector loaded 
into CS is the return address from the stack. After the 
return, the selector RPL is the task’s new CPL. If CPL 
changes, the old stack pointer is popped after the return 
address. 

When a JMP or CALL references a Task State Segment 
descriptor, the descriptor DPL must be the same or less 
privileged than the task’s CPL. Reference to a valid Task 


State Segment descriptor causes a task switch (see Task 
Switch Operation). Reference to a Task State Segment 
descriptor at a more privileged level than the task’s CPL 
generates exception 13. 

When an instruction or interrupt references a gate de- 
scriptor, the gate DPL must have the same or less privi- 
lege than the task CPL. If DPL is at a more privileged 
level than CPL, exception 13 occurs. If the destination 
selector contained in the gate references a code seg- 
ment descriptor, the code segment descriptor DPL must 
be the same or more privileged than the task CPL. If not, 
Exception 13 is issued. After the control transfer, the 
code segment descriptors DPL is the task’s new CPL. If 
the destination selector in the gate references a task 
state segment, a task switch is automatically performed 
(see Task Switch Operation). 

The privilege rules on control transfer require: 

— JMP or CALL direct to a code segment (code seg- 
ment descriptor) can only be to a conforming segment 
with DPL of equal or greater privilege than CPL or a 
non-conforming segment at the same privilege level. 

— interrupts within the task or calls that may change 
privilege levels, can only transfer control through a 
gate at the same or a less privileged level than CPL to 
a code segment at the same or more privileged level 
than CPL. 

— return instructions that don’t switch tasks can only re- 
turn control to a code segment at the same or less 
privileged level. 

— task switch can be performed by a call, jump or inter- 
rupt which references either a task gate or task state 
segment at the same or less privileged level. 


Table 10. Descriptor Types Used for Control Transfer 


Control Transfer Types 

Operation Types 

Descriptor 

Referenced 


Intersegment within the same privilege level 

JMP, CALL, RET, IRET* 

Code Segment 

■ 

Intersegment to the same or higher privilege level Interrupt 
within task may change CPL. 

CALL 

Call Gate 


Interrupt Instruction, 
Exception, External 
Interrupt 

Trap or 

Interrupt 

Gate 

IDT 

Intersegment to a lower privilege level (changes task CPL) 

RET, IRET* 

Code Segment 

GDT/LDT 

Task Switch 

CALL, JMP 

Task State 
Segment 

GDT 

CALL, JMP 

Task Gate 

GDT/LDT 

IRET** 

Interrupt Instruction, 
Exception, External 
Interrupt 

Task Gate 

IDT 


*NT (Nested Task bit of flag word) = 0 
**NT (Nested Task bit of flag word) = 1 
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PRIVILEGE LEVEL CHANGES 

Any control transfer that changes CPL within the task, 
causes a change of stacks as part of the operation. Initial 
values of SS:SP for privilege levels 0, 1 , and 2 are kept 
in the task state segment (refer to Task Switch Opera- 
tion). During a JMP or CALL control transfer, the new 
stack pointer is loaded into the SS and SP registers and 
the previous stack pointer is pushed onto the new stack. 

When returning to the original privilege level, its stack is 
restored as part of the RET or IRET instruction opera- 
tion. For subroutine calls that pass parameters on the 
stack and cross privilege levels, a fixed number of words, 
as specified in the gate, are copied from the previous 
stack to the current stack. The inter-segment RET in- 
struction with a stack adjustment value will correctly re- 
store the previous stack pointer upon return. 

Protection 

The 80286 includes mechanisms to protect critical in- 
structions that affect the CPU execution state (e.g. HLT) 
and code or data segments from improper usage. These 
protection mechanisms are grouped into three forms: 

Restricted usage of segments (e.g. no write allowed 
to read-only data segments). The only segments 
available for use are defined by descriptors in the Lo- 
cal Descriptor Table (LDT) and Global Descriptor Ta- 
ble (GDT). 

Restricted access to segments via the rules of privi- 
lege and descriptor usage. 

Privileged instructions or operations that may only be 
executed at certain privilege levels as determined by 
the CPL and I/O Privilege Level (IOPL). The IOPL is 
defined by bits 14 and 13 of the flag word. 

These checks are performed for all instructions and can 
be split into three categories: segment load checks (Ta- 
ble 11), operand reference checks (Table 12), and privi- 
leged instruction checks (Table 13). Any violation of the 
rules shown will result in an exception. A not-present 
exception related to the stack segment causes excep- 
tion 12. 

The IRET and POPF instructions do not perform some of 
their defined functions if CPL is not of sufficient privilege 
(numerically small enough). Precisely these are: 

• The IF bit is not changed if CPL > IOPL. 

• The IOPL field of the flag word is not changed if CPL > 0. 

No exceptions or other indication are given when these 
conditions occur. 


Table 11 


Segment Register Load Checks 


Error Description 

Exception 

Number 

Descriptor table limit exceeded 

13 

Segment descriptor not-present 

11 or 1 2 

Privilege rules violated 

13 

Invalid descriptor/segment type seg- 
ment register load: 

—Read only data segment load to 
SS 

—Special control descriptor load to 
DS, ES, SS 

— Execute only segment load to 
DS, ES, SS 

— Data segment load to CS 
— Read/Execute code segment 
load to SS 

13 


Table 12 Operand Reference Checks 


Error Description 

Exception 

Number 

Write into code segment 

13 

Read from execute-only code 


segment 

13 

Write to read-only data segment 

13 

Segment limit exceeded 1 

12 or 13 


Note 1 : Carry out in offset calculations is ignored. 


Table 13. Privileged Instruction Checks 


Error Description 

Exception 

Number 

CPL =£ 0 when executing the following 
instructions: 

LIDT, LLDT, LGDT, LTR, LMSW, 
CTS, HLT 

13 

CPL > IOPL when executing the fol- 
lowing instructions: 

INS, IN, OUTS, OUT, STI, CLI, 
LOCK 

13 


EXCEPTIONS 

The 80286 detects several types of exceptions and inter- 
rupts, in protected mode (see Table 14). Most are restart- 
able after the exceptional condition is removed. Interrupt 
handlers for most exceptions can read an error code, 
pushed on the stack after the return address, that identi- 
fies the selector involved (0 if none). The return address 
normally points to the failing instruction, including all 
leading prefixes. For a processor extension segment over- 
run exception, the return address will not point at the 
ESC instruction that caused the exception; however, the 
processor extension registers may contain the address 
of the failing instruction. 
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Table 14. Protected Mode Exceptions 


Interrupt 

Vector 

Function 

Return 
Address 
At Failing 
Instruction? 

Always 

Restart- 

able? 

Error 
Code 
on Stack? 

8 

Double exception detected 

Yes 

No 2 

Yes 

9 

Processor extension segment overrun 

No 

No 2 ^ 

No 

10 

Invalid task state segment 

Yes 

Yes 

Yes 

11 

Segment not present 

Yes 

Yes 

Yes 

12 

Stack segment overrun or stack segment not present 

Yes 

Yes 1 

Yes 

13 

General protection 

Yes 

No* 

Yes 


NOTE 1: When a PUSHA or POPA instruction attempts to wrap around the stack segment, the machine state after the 
exception will not be restartable because stack segment wrap around is not permitted. This condition is identified 
by the value of the saved SP being eigher 0000(H), 0001 (H), FFFE(H), or FFFF(H). 

NOTE 2: These exceptions indicate a violation to privilege rules or usage rules has occurred. Restart is generally not 
attempted under those conditions. 

4 

These exceptions indicate a violation to privilege rules 
or usage rules has occurred. Restart is generally not 
attempted under those conditions. 

All these checks are performed for all instructions and 
can be split into three categories: segment load checks 
(Table 11), operand reference checks (Table 12), and 
privileged instruction checks (Table 13). Any violation 
of the rules shown will result in an exception. A 
not-present exception causes exception 1 1 or 1 2 and 
is restartable. 

Special Operations 

TASK SWITCH OPERATION 


NT = 1, IRET performs a task switch operation back 
to the previous task. 

When a CALL, JMP, or INT instruction initiates a task 
switch, the old and newTSS will be marked busy and 
the back link field of the new TSS set to the old TSS 
selector. The NT bit of the new task is set by CALL or 
INT initiated task switches. An interrupt that does not 
cause a task switch will clear NT. NT may also be set 
or cleared by POPF or IRET instructions. 

The task state segment is marked busy by changing 
the descriptor type field from Type 1 to Type 3. Use 
of a selector that references a busy task state segment 
causes Exception 13. 


The 80286 provides a built-in task switch operation which 
saves the entire 80286 execution state (registers, ad- 
dress space, and a link to the previous task), loads a 
new execution state, and commences execution in the 
new task. Like gates, the task switch operation is in- 
voked by executing an inter-segment JMP or CALL in- 
struction which refers to a Task State Segment (TSS) or 
task gate descriptor in the GDT or LDT. An INT n instruc- 
tion, exception, or external interrupt may also invoke the 
task switch operation by selecting a task gate descriptor 
in the associated IDT descriptor entry. 

The TSS descriptor points at a segment (see Figure 20) 
containing the entire 80286 execution state while a 
task gate descriptor contains a TSS selector. The limit 
field of the descriptor must be >002B(H). 

Each task must have a TSS associated with it. The cur- 
rent TSS is identified by a special register in the 80286 
called the Task Register (TR). This register contains a 
selector referring to the task state segment descriptor 
that defines the current TSS. A hidden base and limit 
register associated with TR are loaded whenever TR is 
loaded with a new selector. 

The IRET instruction is used to return control to the 
task that called the current task or was interrupted. 
Bit 1 4 in the flag egister is called the Nested Task (NT) 
bit. It controls the function of the IRET instruction. If 
NT = 0, the IRET instruction performs the regular cur- 
rent task return by popping values off the stack; when 


PROCESSOR EXTENSION CONTEXT SWITCHING 

The context of a processor extension (such as the 80287 
numerics processor) is not changed by the task switch 
operation. A processor extension context need only be 
changed when a different task attempts to use the pro- 
cessor extension (which still contains the context of a 
previous task). The 80286 detects the first use of a pro- 
cessor extension after a task switch by causing the pro- 
cessor extension not present exception (7). The interrupt 
handler may then decide whether a context change is 
necessary. 

Whenever the 80286 switches tasks, it sets the Task 
Switched (TS) bit of the MSW. TS indicates that a pro- 
cessor extension context may belong to a different task 
than the current one. The processor extension not pres- 
ent exception (7) will occur when attempting to execute 
an ESC or WAIT instruction if TS = 1 and a processor 
extension is present (MP = 1 in MSW). 

POINTER TESTING INSTRUCTIONS 

The iAPX 286 provides several instructions to speed 
pointer testing and consistency checks for maintain- 
ing system integrity (see Table 15). These instruc- 
tions use the memory management hardware to 
verify that a selector value refers to an appropriate 
segment without risking an exception. A condition 
flag (ZF) indicates whether use of the selector or 
segment will cause an exception. 
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Figure 20. Task State Segment and TSS Registers 
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Table 15. 80286 Pointer Test Instructions 


Instruction 

Operands 

Function 

ARPL 

Selector, 

Register 

Adjust Requested Privi- 
lege Level: adjusts the RPL 
of the selector to the nu- 
meric maximum of current 
selector RPL value and the 
RPL value in the register. 
Set zero flag if selector RPL 
was changed by ARPL. 

VERR 

Selector 

VERify for Read: sets the 
zero flag if the segment re- 
ferred to by the selector can 
be read. 

VERW 

Selector 

VERify for Write: sets the 
zero flag if the segment re- 
ferred to by the selector can 
be written. 

LSL 

Register, 

Selector 

Load Segment Limit: reads 
the segment limit into the 
register if privilege rules and 
descriptor type allow. Set 
zero flag if successful. 

LAR 

Register, 

Selector 

Load Access Rights: reads 
the descriptor access rights 
byte into the register if priv- 
ilege rules allow. Set zero 
flag if successful. 


DOUBLE FAULT AND SHUTDOWN 

If two separate exceptions are detected during a single 
instruction execution, the 80286 performs the double 
fault exception ( 8 ). If an exception occurs during pro- 
cessing of the double fault exception, the 82086 will en- 
ter shutdown. During shutdown no further instructions 
or exceptions are processed. Either NMI (CPU remains 
in protected mode) or RESET (CPU exits protected mode) 
can force the 80286 out of shutdown. Shutdown is exter- 
nally signalled via a HALT bus operation with A-i HIGH. 

PROTECTED MODE INITIALIZATION 

The 80286 initially executes in real address mode 
after RESET. To allow initialization code to be placed 
at the top of physical memory, A 23 . 2 o will be HIGH 
when the 80286 performs memory references 
relative to the CS register until CS is changed. A 23 _ 2 o 
will be zero for references to the DS, ES, or SS 
segments. Changing CS in real address mode will 
force A 23 _ 20 LOW whenever CS is used again. The 
initial CS:IP value of F000:FFF0 provides 64K bytes 
of code space for initialization code without chang- 
ing CS. 

Protected mode operation requires several regis- 
ters to be initialized. The GDT and IDT base regis- 
ters must refer to a valid GDT and IDT. After 
executing the LMSW instruction to set PE, the 80286 
must immediately execute an intra-segment JMP 
instruction to clear the instruction queue of instruc- 
tions decoded in real address mode. 


To force the 80286 CPU registers to match the initial 
protected mode state assumed by software, execute 
a JMP instruction with a selector referring to the 
initial TSS used in the system. This will load the task 
register, local descriptor table register, segment 
registers and initial general register state. The TR 
should point at a valid TSS since any task switch 
operation involves saving the current task state. 


SYSTEM INTERFACE 

The 80286 system interface appears in two forms: a 
local bus and a system bus. The local bus consists of 
address, data, status, and control signals at the pins of 
the CPU. A system bus is any buffered version of the 
local bus. A system bus may also differ from the local 
bus in terms of coding of status and control lines and/or 
timing and loading of signals. The iAPX 286 family in- 
cludes several devices to generate standard system 
buses such as the IEEE 796 standard Multibus™ . 

Bus Interface Signals and Timing 

The iAPX 286 microsystem local bus interfaces the 80286 
to local memory and I/O components. The interface has 
24 address lines, 16 data lines, and 8 status and control 
signals. 

The 80286 CPU, 82284 clock generator, 82288 bus 
controller, 82289 bus arbiter, 8286/7 transceivers, 
and 8282/3 latches provide a buffered and decoded 
system bus interface.The 82 284 ge nerates the 
system clock and synchronizes READY and RESET. 
The 82288 converts bus operation status encoded 
by the 80286 into command and bus control signals. 
The 82289 bus arbiter generates Multibus bus 
arbitration signals. These components can provide 
the timing and electrical power drive levels required 
for most system bus interfaces including the Multibus. 

Physical Memory and I/O Interface 

A maximum of 16 megabytes of physical memory can 
be addressed in protected mode. One megabyte can be 
addressed in real address mode. Memory is accessible 
as bytes or words. Words consist of any two consecutive 
bytes addressed with the least significant byte stored in 
the lowest address. 

Byte transfers occur on either half of the 1 6-bit local data 
bus. Even bytes are accessed over D 7 _q while odd bytes 
are transferred over D 15 _ 8 . Even-addressed words are 
transferred over D 15 _q in one bus cycle, while odd-ad- 
dressed words require two bus operations. The first 
transfers data on Di 5 _ 8 , and the second transfers data 
on D 7 - 0 . Both byte data transfers occur automatically, 
transparent to software. 

Two bus signals, Aq and BRE, control transfers over the 
lower and upper halves of the data bus. Even address 
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byte transfers are indicated by A 0 LOW and BHE HIGH. 
Odd addr ess byte transfers are indicated by A 0 HIGH 
and BHE LOW. Both Aq and BHE are LOW for even ad- 
dress word transfers. 

The I/O address space contains 64K addresses in both 
modes. The I/O space is accessible as either bytes or 
words, as is memory. Byte wide peripheral devices may 
be attached to either the upper or lower byte of the data 
bus. Byte-wide I/O devices attached to the upper data 
byte (D 15 _ 8 ) are accessed with odd I/O addresses. De- 
vices on the lower data byte are accessed with even I/O 
addresses. An interrupt controller such as Intel’s 8259A 
must be connected to the lower data byte (D 7 _o) for proper 
return of the interrupt vector. 


Bus Operation 

The 80286 uses a double frequency system clock (CLK 
input) to control bus timing. All signals on the local bus 
are measured relative to the system CLK input. The CPU 
divides the system clock by 2 to produce the internal 
processor clock, which determines bus state. Each pro- 
cessor clock is composed of two system clock cycles 
named phase 1 and phase 2. The 82284 clock generator 
output (PCLK) identifies the next phase of the processor 
clock. (See Figure 21 .) 



Figure 21 . System and Processor 
Clock Relationships 


Six types of bus operations are supported; memory read, 
memory write, I/O read, I/O write, interrupt acknowl- 
edge, and halt/shutdown. Data can be transferred at a 
maximum rate of one word per two processor clock cycles. 

The iAPX 286 bus has three basic states: idle (Tj), send 
status (T s ), and perform command (T c ). The 80286 CPU 
also has a fourth local bus state called hold (T h ). T h in- 
dicates that the 80286 has surrendered control of the 
local bus to another bus master in response to a HOLD 
request. 

Each bus state is one processor clock long. Figure 22 
shows the four 80286 local bus states and allowed 
transitions. 



Bus States 

The idle (Tj) state indicates that no data transfers are 
in progress or requested. The first active state T s is 
signaled by status lineST or 50 going LOW and identi- 
fying phase 1 of the processor clock. During T s , the 
command encoding, the address, and data (for a write 
operation) are available on the 80286 output pins. The 
82288 bus controler decodes the status signals and 
generates Multibus compatible read/write command 
and local transceiver control signals. 

After T s , the perform command (T c ) state is entered. 
Memory or I/O devices respond to the bus operation 
during T c , either transferring read data to the CPU or 
accepting write data. T c states may be repeated as 
often as necessary to assure sufficie nt time f or the 
memory or I/O device to respond. The READY signal 
determines whether T c is repeated. A repeated T c 
state is called a wait state. 

During hold (T h ), the 80286 will float all address, data, 
and status output pins enabling another bus master 
to use the local bus. The 80286 HOLD input signal 
is used to place the 80286 into the T h state. The 
80286 HLDA output signal indicates that the CPU has 
entered T h . 

Pipelined Addressing 

The 80286 uses a local bus interface with pipelined 
timing to allow as much time as possible for data 
access. Pipelined timing allows a new bus operation 
to be initiated every two processor cycles, while allow- 
ing each individual bus operation to last for three 
processor cycles. 

The timing of the address outputs is pipelined such that 
the address of the next bus operation becomes available 
during the current bus operation. Or in other words, the 
first clock of the next bus operation is overlapped with 
the last clock of the current bus operation. Therefore, 
address decode and routing logic can operate in ad- 
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Figure 23. Basic Bus Cycle 


vance of the next bus operation. External address latches 
may hold the address stable for the entire bus operation, 
and provide additional AC and DC buffering. 

The 80286 does not maintain the address of the current 
bus operation during all T c states. Instead, the address 
for the next bus operation may be emitted during phase 
2 of any T c . The address remains valid during phase 1 
of the first T c to guarantee hold time, relative to ALE, for 
the address latch inputs. 

Bus Control Signals 

The 82288 bus controller provides control signals; ad- 
dress latch enable (ALE), Read/Write commands, data 
transmit/receive (DT/R), and data enable (DEN) that 
control the address latches, data transceivers, write en- 
able, and output enable for memory and I/O systems. 

The Address Latch Enable (ALE) output determines when 
the address may be latched. ALE provides at least one 
system CLK period of address hold time from the end of 
the previous bus operation until the address for the next 
bus operation appears at the latch outputs. This address 
hold time is required to support Multibus® and common 
memory systems. 

The data bus transceivers are controlled by 82288 out- 
puts Data Enable (DEN) and Data Transmit/Receive (DT/ 
R). DEN enables the data transceivers; while DT/R con- 
trols transceiver direction. DEN and DT/R are timed to 
prevent bus contention between the bus master, data 
bus transceivers, and system data bus tranceivers. 


Command Timing Controls 

Two system timing customization options, command ex- 
tension and command delay, are provided on the iAPX 
286 local bus. 

Command extension allows additional time for external 
devices to respond to a command and is analogous to 
inserting wait states on the 8086. External logic can con- 
trol the duration of any bus operation such that the op- 
eration is only as long as necessary. The READY input 
signal can extend any bus operation for as long as 
necessary. 

Command delay allows an increase of address or write 
data setup time to system bus command active for any 
bus operation by delaying when the system bus com- 
mand becomes active. Command delay is controlled by 
the 82288 CMDLY input. After T s , the bus controller 
samples CMDLY at each failing edge of CLK. If CMDLY 
is HIGH, the 82288 will not activate the command signal. 
When CMDLY is LOW, the 82288 will activateihe com- 
mand signal. After the command becomes active, the 
CMDLY input is not sampled. 

When a command is delayed, the available response 
time from command active to return read data or accept 
write data is less. To customize system bus timing, an 
address decoder can determine which bus operations 
require delaying the command. The CMDLY input does 
not affect the timing of ALE, DEN, or DT/R. 
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Figure 24 illustrates four uses of CMDLY. Example 1 
shows delaying the read command two system CLKs for 
cycle N-1 and no delay for cycle N, and example 2 shows 
delaying the read command one system CLK for cycle 
N-1 and one system CLK delay for cycle N. 

Bus Cycle Termination 

At maximum transfer rates, the iAPX 286 bus alternates 
between the status and command states. The bus status 
signals become inactive after T s so that they may cor- 
rectly signal the start of the next bus operation after the 
completion of the current cycle. No external indication of 
T c exists on the iAPX 286 local bus. The bus master and 
bus controller enter T c directly after T s and continue ex- 
ecuting T c cycles until terminated by BEADY. 


READY Operation 

The current bus master and 82288 bus controller ter- 
minate each bus operation simultaneously to achieve 
maximum bus operation bandwidth. Both are informed 
in advance by READY active (open-collector output 
from 82284) which identifies the last T c cycle of the 


current bus operation. The bus master and bu s con- 
troller must see the same s ense of the READY signal, 
thereby requiring READY be synchronous to the 
system clock. 

Synchronous Ready 

The 82284 clock generator provides READY synchro- 
nization from both synchronous and asynchronous 
sources (see Figure 25). The synchronous ready input 
(SRDY) of the clock generator is sampled with the falling 
edge of CLK at the end of phase 1 of each T c . The state 
of SRDY is then broadcast to the bus master and bus 
controller via the READY output line. 

Asynchronous Ready 

Many systems have devices or subsystems that are 
asynchronous to the system clock. As a result, their 
ready outputs cannot be guaranteed to meet the 82284 
SRDY setup and hold time requ ireme nts. But the 
82284 asynchronous ready input (ARDY) is designed 
to accept such signals. The ARDY input is sampled at 
the beginning of each T c cycle by 82284 synchroniza- 
tion logic. This provides one system CLK cycle time to 
resolve its value before broadcasting it to the bus 
master and bus controller. 
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NOTES: 

1. SRDYEN is active low 

2. If SRDYEN is high, the state of SRDY will not effect READY 

3. ARDYEN is active low 


Figure 25. Synchronous and Asynchronous Ready 


ARDY or ARDYEN must be HIGH at the end of T s . 
ARDY cannot be used to terminate bus cycle with 
no wait states. 

Each ready input of the 82284 has an enable pin 
(SRDYEN and ARDYEN) to select whether the current 
bus operation will be terminated by the synchronous or 
asynchronous ready. Either of the ready inputs may ter- 
minate a bus operation. These enable inputs are active 
low and have the same timing as their respective ready 
inputs. Address decode logic usually selects whether 
th e curren t bus operation should be terminated by ARDY 
or SRDY. 


Data Bus Control 

Figures 26, 27, and 28 show how the DT/R, DEN, data 
bus, and address signals operate for different combina- 
tions of read, write, and idle bus operations. DT/R goes 
active (LOW) for a read operaton. DT/R remains HIGH 
before, during, and between write operations. 


The data bus is driven with write data during the second 
phase of T s . The delay in write data timing allows the 
read data drivers, from a previous read cycle, sufficient 
time to enter 3-state OFF before the 80286 CPU begins 
driving the local data bus for write operations. Write data 
will always remain valid for one system clock past the 
last T c to provide sufficient hold time for Multibus or other 
similar memory or I/O systems. During write-read or write- 
idle sequences the data bus enters 3-state OFF during 
the second phase of the processor cycle after the last 
T c . In a write-write sequence the data bus does not enter 
3-state OFF between T c and T s . 

Bus Usage 

The 80286 local bus may be used for several functions: 
instruction data transfers, data transfers by other bus 
masters, instruction fetching, processor extension data 
transfers, interrupt acknowledge, and halt/shutdown. This 
section describes local bus activities which have special 
signals or requirements. 
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Figure 27. Back to Back Write-Read Cycles 
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Figure 28. Back to Back Write-Write Cycles 


HOLD and HLDA 

HOLD and HLDA allow another bus master to gain con- 
trol of the local bus by placing the 80286 bus into the Th 
state. The sequence of events required to pass control 
between the 80286 and another local bus master are 
shown in Figure 29. 

In this example, the 80286 is initially in the Th state as 
signaled by HLDA being active. Upon leaving Th, as sig- 
naled by HLDA going inactive, a write operation is started. 
During the write operation another local bus master re- 
quests the local bus from the 80286 as shown by the 
HOLD signal. After completing the write operation, the 
80286 performs one Tj bus cycle, to guarantee write data 
hold time, then enters Th as signaled by HLDA going 
active. 

The CMDLY signal and ARDY ready are used to start 
and stop the write bus command, respectively. Note that 
SRDY must be inactive or disabled by SRDYEN to guar- 
antee ARDY will terminate the cycle. 

Instruction Fetching 

The 80286 Bus Unit (BU) will fetch instructions ahead of 
the current instruction being executed. This activity is 
called prefetching. It occurs when the local bus would 
otherwise be idle and obeys the following rules: 


A prefetch bus operation starts when at least two bytes 
of the 6-byte prefetch queue are empty. 

The prefetcher normally performs word prefetches in- 
dependent of the byte alignment of the code segment 
base in physical memory. 

The prefetcher will perform only a byte code fetch op- 
eration for control transfers to an instruction beginning 
on a numerically odd physical address. 

Prefetching stops whenever a control transfer or HLT 
instruction is decoded by the IU and placed into the 
instruction queue. 

In real address mode, the prefetcher may fetch up 
to 6 bytes beyond the last control transfer or HLT 
instruction in a code segment. 

In protected mode, the prefetcher will never cause a 
segment overrun exception. The prefetcher stops at 
the last physical memory word of the code segment. 
Exception 13 will occur if the program attempts to ex- 
ecute beyond the last full instruction in the code 
segment. 

If the last byte of a code segment appears on an even 
physical memory address, the prefetcher will read the 
next physical byte of memory (perform a word code 
fetch). The value of this byte is ignored and any at- 
tempt to execute it causes exception 13. 
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DT/R 

DEN 

ALE 


NOT READY NOT READY 


(SEE NOTE 7 ) 





TS - STATUS CYCLE 
TC - COMMAND CYCLE 


NOTES: 

1 Status lines are not driven by 80286, yet remain high due to pullup resistors in 82288 and 82289 during HOLD state 

2 Address, M/IO and COD/INTA may start floating during any TC depending on when internal 80286 bus arbiter decides to release bus to 

external HOLD The float starts m-02 of TC 

3 BHE and LOCK may start floating after the end of any TC depending on when internal 80286 bus arbiter decides to release bus to external 
HOLD The float starts in 01 of TC 

4 The minimum HOLD to HLDA time is shown Maximum is one Th longer 

5 The earliest HOLD time is shown It will always allow a subsequent memory cycle if pending is shown 

6 The minimum HOLD to HLDA time is shown Maximum is a function of the instruction, type of bus cycle and other machine status (i e , 

Interrupts, Waits, Lock, etc ) 

7 Asynchronous ready allows termination of the cycle. Synchronous ready does not signal ready in this example Synchronous ready state 
is ignored after ready is signaled via the asynchronous input 


Figure 29. Multibus Write Terminated by Asynchronous Ready with Bus Hold 
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Processor Extension Transfers 

The processor extension interface uses I/O port 
addresses 00F8(H), OOFA(H), and OOFC(H) which are 
part of the I/O port address range reserved by Intel. 
An ESC instruction with Machine Status Word bits 
EM = 0 and TS = 0 will perform I/O bus operations to 
one or more of these I/O port addresses independent 
of the value of IOPL and CPL. 

ESC instructions with memory references enable the 
CPU to accept PEREQ inputs for processor extension 
operand transfers. The CPU will determine the operand 
starting address and read/write status of the instruction. 
For each operand transfer, two or three bus operations 
are performed, one word transfer with I/O port address 
OOFA(H) and one or two bus operations with memory. 
Three bus operations are required for each word oper- 
and aligned on an odd byte address. 

Interrupt Acknowledge Sequence 

Figure 30 illustrates an interrupt acknowledge sequence 
performed by the 80286 in response to an INTR input. 
An interrupt acknowledge sequence consists of two 
INTA bus operations. The first allows a master 8259A 
Programmable Interrupt Controller (PIC) to determine 
which if any of its slaves should return the interrupt 
vector. An eight bit vector is read on D0-D7 of the 
80286 during the second INTA bus operation to select 
an interrupt handler routine from the interrupt table. 

The Master Cascade Enable (MCE) signal of the 82288 
is used to enable the cascade address drivers, during 
INTA bus operations (See Figure 30), onto the local ad- 
dress bus for distribution to slave interrupt controllers via 
the system address bus. The 80286 emits the LOCK 
^signal (active LOW) during T s of the first INTA bus oper- 
ation. A local bus “hold” request will not be honored until 
the end of the second INTA bus operation. 

Three idle processor clocks are provided by the 80286 
between INTA bus operations to allow for the minimum 
INTA to INTA time and CAS (cascade address) out delay 
of the 8259A. The second INTA bus operation must al- 
ways have at least one extra T c state added via logic 
controlling READY. A 2 3 -A 0 are in 3-state OFF until after 
the first T c state of the second INTA bus operation. This 
prevents bus contention between the cascade address 
drivers and CPU address drivers. The extra T c state al- 
lows time for the 80286 to resume driving the address 
lines for subsequent bus operations. 


Local Bus Usage Priorities 

The 80286 local bus is shared among several internal 
units and external HOLD requests. In case of simulta- 
neous requests, their relative priorities are: 


(Highest) Any transfers which assert LOCK either ex- 
plicitly (via the LOCK instruction prefix) or 
implicitly (i.e. segment descriptor access, 
interrupt acknowledge sequence, or an 
XCHG with memory). 

The second of the two byte bus operations 
required for an odd aligned word operand. 

The second or third cycle of a processor 
extension data transfer. 

Local bus request via HOLD input. 
Processor extension data operand transfer 
via PEREQ input. 

Data transfer performed by EU as part of an 
instruction. 

(Lowest) An instruction prefetch request from BU. The 
EU will inhibit prefetching two processor 
clocks in advance of any data transfers to 
minimize waiting by EU for a prefetch to finish. 


Halt or Shutdown Cycles 

The 80286 externally indicates halt or shutdown condi- 
tions as a bus operation. These conditions occur due to 
a HLT instruction or multiple protection exceptions while 
attempting to execute one instruction. A halt or shut- 
down bus pperation is signalled when 5T, 50 and COD/ 
INTA are LOW and M/TU is HIGH. A-| HIGH indicates 
halt, and A-i LOW indicates shutdown. The 82288 bus 
controller does not issue ALE, nor is READY required to 
terminate a halt or shutdown bus operation. 

During halt or shutdown, the 80286 may service PEREQ 
or HOLD requests. A processor extension segment 
overrun exception during shutdown will inhibit further 
service of PEREQ. Either NMI or RESET will force the 
80286 out of either halt or shutdown. An INTR, if inter- 
rupts are enabled, or a processor extension segment 
overrun exception will also force the 80286 out of halt. 
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NOTES: 

1. Data is ignored. 

2. First INTA cycle should have at least one wait state inserted to meet 8259A minimum INTA pulse width. 

3 Second INTA cycle must have at least one wait state inserted since the CPU will not drive A 23 - A 0 , BHE, and LOCK until after the first 
TC state. 

The CPU imposed one/clock delay prevents bus cqntention between cascade address buffer being disabled by MCE land address 
outputs. 

Without the wait state, the 80286 address will not be valid for a memory cycle started immediately after the second INTA cycle. The 
8259A also requires one wait state for minimum INTA pulse width. 

4. LOCK is active for the first INTA cycle to prevent the 82289 from releasing the bus between INTA cycles in a multi-master system. 

5. A 23 - Aq exits 3-state OFF during <f > 2 of the second T c in the INTA cycle. 


Figure 30. Interrupt Acknowledge Sequence 
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Figure 31 . Basic iAPX 286 System Configuration 


SYSTEM CONFIGURATIONS 

The versatile bus structure of the iAPX 286 microsys- 
tem, with a full complement of support chips, allows flex- 
ible configuration of a wide range of systems. The basic 
configuration, shown in Figure 31 , is similar to an iAPX 
86 maximum mode system. It includes the CPU plus an 
8259A interrupt controller, 82284 clock generator, and 
the 82288 Bus Controller. The iAPX 86 latches (8282 
and 8283) and transceivers (8286 and 8287) may be 
used in an iAPX 286 microsystem. 

As indicated by the dashed lines in Figure 31 , the ability 
to add processor extensions is an integral feature of iAPX 
286 microsystems. The processor extension interface 
allows external hardware to perform special functions 
and transfer data concurrent with CPU execution of other 
instructions. Full system integrity is maintained because 
the 80286 supervises all data transfers and instruction 
execution for the processor extension. 

The iAPX 286/20 numeric data processor which in- 
cludes the 80287 numeric processor extension (NPX) 


uses this interface. The iAPX 286/20 has all the instruc- 
tions and data types of an iAPX 86/20 or iAPX 88/20. 
The 80287 NPX can perform numeric calculations and 
data transfers concurrently with CPU program execu- 
tion. Numerics code and data have the same integrity as 
all other information protected by the iAPX 286 protec- 
tion mechanism. 

The 80286 can overlap chip select decoding and ad- 
dress propagation during the data transfer for the pre- 
vious bus operation. This information is latched into the 
8282/3’s by ALE during the middle of a T s cycle. The 
latched chip select and address information remains 
stable during the bus operation while the next cycles 
address is being decode v d and propagated into the sys- 
tem. Decode logic can be implemented with a high speed 
bipolar PROM. 

The optional decode logic shown in Figure 31 takes ad- 
vantage of the overlap between address and data of the 
80286 bus cycle to generate advanced memory and 10- 
select signals. This minimizes system performance 
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Figure 32. Multibus System Bus Interface 


degradation caused by address propogation and de- 
code delays. In addition to selecting memory and I/O, 
the advanced selects may be used with configurations 
supporting local and system buses to enable the a ppro- 
priate bus interface for each bus cycle. The COD/INTA 
and M/IU signals are applied to the decode logic to dis- 
tinguish between interrupt, I/O, code and data bus cycles. 

By adding the 82289 bus arbiter chip the 80286 provides 
a Multibus system bus interface as shown in Figure 32. 
The ALE output of the 82288 for the Multibus bus is 


connected to its CMDLY input to delay the start of com- 
mands one system CLK as required to meet Multibus 
address and write data setup times. This arrangement 
will add at least one extra T c state to each bus operation 
which uses the Multibus. 

A second 82288 bus controller and additional latches 
and transceivers could be added to the local bus of Fig- 
ure 32. This configuration allows the 80286 to support 
an on-board bus for local memory and peripherals, and 
the Multibus for system bus interfacing. 
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Figure 33. iAPX 286 System Configuration with Dual-Ported Memory 


Figure 33 shows the addition of dual ported dynamic 
memory between the Multibus system bus and the iAPX 
286 local bus. The dual port interface is provided by the 
8207 Dual Port DRAM Controller. The 8207 runs syn- 
chronously with the CPU to maximize throughput for lo- 
cal memory references. It also arbitrates between 
requests from the local and system buses and performs 


functions such as refresh, initialization of RAM, and read / 
modify/write cycles. The 8207 combined with the 8206 
Error Checking and Correction memory controller pro- 
vide for single bit error correction. The dual-ported 
memory can be combined with a standard Multibus sys- 
tem bus interface to maximize performance and protec- 
tion in multiprocessor system configurations. 


Table 16. 80286 Systems Recommended Pull up Resistor Values 


80286 Pin and Name 


4 -SI 


5 -SO 


6 - PEACK 


53 -ERROR 


54 -BUSY 


63 -READY 


Pullup Value 

Purpose 

20KO ± 10% 

Pull SO, SI , and PEACK inactive during 80286 hold periods 

20KO±.10% 

Pull ERROR and BUSY inactive when 80287 not present 
(or temporarily removed from socket) 

9100 ±5% 

Pull READY inactive within required minimum time (C L = 150pF, 
l R < 7mA) 
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PACKAGE 

The 80286 is packaged in a 68-pin, leadless JEDEC 
type A hermetic leadless chip carrier. Figure 34 illus- 
trates the package, and Figure 2 shows the pinout. 



Figure 34. JEDEC Type A Package 


ABSOLUTE MAXIMUM RATINGS* 


Ambient Temperature Under Bias 0°C to 70°C 

Storage Temperature - 65°C to + 1 50°C 

Voltage on Any Pin with 

Respect to Ground - 1 .0 to 4- 7V 

Power Dissipation 3.3 Watt 


D.C. CHARACTERISTICS (t a = o°c to 7o°c, v ( 


* NOTICE: Stresses above those listed under “Absolute Max- 
imum Ratings” may cause permanent damage to the device. 
This is a stress rating only and functional operation of the de- 
vice at these or any other conditions above those indicated in 
the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for ex- 
tended periods may affect device reliability. 

= 5V, ±5%) 



V,L 

Input LOW Voltage 

!B 


m 


IBS 

.8 

V| H 

Input HIGH Voltage 

on 

V cc + -5 

n sn 

V cc + -5 

20 

v cc + - 5 

V,uc 

CLK Input LOW Voltage 


.6 

m 

.6 

BS 

.6 

V,HC 

CLK Input HIGH Voltage 

IBS 

V cc + .5 

KIM 

V CC + -5 


V cc + -5 


Output LOW Voltage 


Output HIGH Voltage 


Input Leakage Current 


Input sustaining Current on 


BUSY and ERROR pins 


Output Leakage Current 


Output Leakage Current 


Supply Current (turn on, 0°C) 




NOTE 1: Low temperature is worst case 
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D.C. CHARACTERISTICS (continued) <t a = o°c to 7o°c, v cc = sv, ±5%) 




4 MHz 

6MHz 

8MHz 



Sym 

Parameter 


SB 


■9 

-8 

Min 

-8 

Max 

Unit 

Test Condition 

CCLK 

CLK Input Capacitance 


20 


20 


20 

PF 


C,N 

Other Input Capacitance 


10 


10 


10 

PF 


C 0 

Input/Output Capacitance 


20 


20 


20 

PF 

Cl 


NOTE 1: Low temperature is worst case 


A.C. CHARACTERISTICS (t a - 0 °C to 55°C, V cc = 5V, ± 5%) 

AC timings are referenced to 0.8V and 2.0V points of signals as illustrated in datasheet waveforms, unless 
otherwise noted. 




4 MHz 

6MHz 

8MHz 





mm 

mm 


mm 

-8 

mi 



Sym 

Parameter 




USB 

Min 


Unit 

Test Condition 

1 

System Clock (CLK) Period 

124 

250 

83 

250 

62 

250 

ns 


2 

System Clock (CLK) LOW Time 

30 

210 

. 20 

225 

15 

225 

ns 

at 1.0V 

3 

System Clock (CLK) HIGH Time 

40 

220 

25 

230 

25 

235 

ns 

at 3.6V 

17 

System Clock (CLK) Rise Time 


10 


10 


mm 

ns 

1 0V to 3 6V 

18 

System Clock (CLK) Fall Time 


10 


10 


■9 

ns 

3.6V to 1 0V 

4 

Asynch Inputs Setup Time 

40 


30 


20 

■ ■ 

ns 

Note 1 

D 

Asynch. Inputs Hold Time 

mm 


30 


20 


ns 

Note 1 

6 

RESET Setup Time I 

mm 


33 


28 


ns 

| | 

7 

RESET Hold Time 

5 


5 


5 

■ ■ 

ns 


8 

Read Data Setup Time 

30 


20 


10 

■ 

ns 

| 

9 

Read Data Hold Time 

8 


8 


8 


ns 


10 

READY Setup Time 

75 


50 


38 


ns 

| | 

11 

READY Hold Time 

50 


35 


25 


ns 


12 

Status/PEACK Valid Delay 

1 

80 

1 

55 

1 

40 

ns 

Note 2 Note 3 

13 

Address Valid Delay 

1 

120 

1 

80 

1 


ns 

Note 2 Note 3 

14 

Write Data Valid Delay 

0 

100 

0 

65 

0 

50 

ns 

Note 2 Note 3 

15 

Address/Status/Data Float Delay 

0 

120 

0 

80 

0 

50 

ns 

Note 2 Note 4 

16 

HLDA Valid Delay 

0 

120 

0 

80 

0 

50 

ns 

Note 2 Note 3 


NOTE 1: Asychronous inputs are INTR, NMI, HOLD, PEREQ, ERROR, AND BUSY This specification is given only for testing purposes, to 
' assure recognition at a specific CLK edge 

NOTE 2: Delay from 0 8V on the CLK, to 0 8V or 2 OV or float on the output as appropriate for valid or floating condition 
NOTE 3: Ouput load C L = lOOpF 

NOTE 4: Float condition occurs when output current is less than l L o in magnitude * 
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A.C. CHARACTERISTICS (Cont.) 


82284 Timing Requirements 




82284-6 

82284-8 



Symbol 

Parameter 

Min. 

Max. 

Min. 

Max. 

Units 

Test Conditions 

11 

SRDY/SRDYEN setup time 

25 


15 


ns 


12 

SRDY/SRDYEN hold time 

0 


0 


ns 


13 

ARDY/ARDYEN setup time 

5 


0 


ns 

See note 1 

14 

ARDY/ARDYEN hold time 

30 


16 


ns 

See note 1 

19 

PCLK delay 

0 

45 

0 

45 

ns 

■RfiBESHI 


NOTE : These times are given for testing purposes to assure a predetermined act.on 


82288 Timing Requirements 




82288-6 

82288-8 



Symbol 

Parameter 

Min. 

Max. 

Min. 

Max. 

Units 

Test Conditions 

12 

CMDLY setup time 

25 


20 


ns 


13 

CMDLT hold time 

0 


0 


ns 


30 

29 

Command delay 
From CLK 

Command Inactive 

3 

30 

3 

20 

ns 

C L = 300 pF max 
l 0L = 32 ma max 
l 0H = 5 ma max 

Command Active 

3 

40 

3 

20 

16 

ALE active delay 

3 

25 

3 

s 

ns 

C L = 1 50 pF 
l 0L = 16 ma max 
I 0 h = -1 ma max 

17 

ALE inactive delay 


35 


20 

ns 

19 

DT/R read active delay 


40 

0 

20 

ns 

22 

DT/R read inactive delay 

5 

45 

10 

40 

ns 

20 

DEN read active delay 

10 

50 

10 

40 

ns 

21 

DEN read inactive delay 

3 

40 

3 

3S 

ns 

23 

DEN write active delay 


35 


30 

ns 

24 

DEN write inactive delay 

3 

35 

3 

30 

ns 


NOTE 1: Asynchronous inputs are INTR, NMI, HOLD, PEREQ, ERROR, AND BUSY This specification is given only for testing purposes, to 
assure recognition at a specific CLK edge 
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MAJOR CYCLE TIMING 


v CH _ ►I®} 


A23-A0 ' 
M/IO, COD/INTA ' 


| *►©(-* I 

© •£- — ® h— 


VALID READ DATA 


J@|^_ _J®L 
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WAVEFORMS (Continued) 

80286 ASYNCHRONOUS INPUT SIGNAL TIMING 


BUS CYCLE TYPE 



NOTES: 

1 . PCLK indicates which processor cycle phase will occur on the 
next CLK. PCLK may not indicate the correct phase until the first 
bus cycle is performed. 

2. These inputs are asynchronous. The setup and hold times shown 
assure recognition for testing purposes. 



NOTE 1: When RESET meets the setup time shown, the next CLK 
will start or repeat 4>2 of a processor cycle. 



NOTES: 

1 These signals may not be driven by the 80286 during the time shown. The worst case in terms of latest float time is shown 

2 The data bus will be driven as shown if the last cycle before T| in the diagram was a write T c . 

3 The 80286 floats its status pins during T H External 20Kn resistors keep these signals high (see Table 1 6). 

4 For H OL D reque st set up to HLDA, refer to Figure 29. 

5 BHE and LOCK are driven at this time but will not become valid until T s 

6 The data bus will remain in 3-state OFF if a read cycle is performed 
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WAVEFORMS (Continued) 


80286 PEREQ/PEACK TIMING FOR ONE TRANSFER ONLY 


_ I/O READ IF PROC EXT TO MEMORY 
MEMORY READ IF MEMORY TO PROC EXT 


MEMORY WRITE IF PROC EXT TO MEMORY 
‘ I/O WRITE IF MEMORY TO PROC EXT 


MEMORY ADDRESS IF PROC EXT TO MEMORY TRANSFER 

I/O PORT ADDRESS OOFA(H) IF MEMORY TO PROC. EXT TRANSFER 


. I/O PORT ADDRESS OOFA(H) IF PROC EXT TO MEMORY TRANSFER 
MEMORY ADDRESS IF MEMORY TO PROC EXT TRANSFER 



ASSUMING WORD-ALIGNED MEMORY OPERAND. IF ODD ALIGNED, 80286 TRANSFERS TO/FROM MEMORY BYTE-AT-A-TIME WITH TWO MEMORY CYCLES. 


N OTES: 

1 . PEACK always goes active during the first bus operation of a processor extension data operand transfer sequence. The first bus operation 
will be either a memory read at operand address or I/O read at port address OOFA(H) 

2. To prevent a second processor extension data operand transfer, the worst case maximum time (Shown above) is. 3X©-© max 
-©mm' The actual, configuration dependent, maximum time is- 3X © -©max -® mm + A X 2 X© 

A is the number of extra T c states added to either the first or second bus operation of the processor extension data operand transfer 
sequence. 


INITIAL 80286 PIN STATE DURING RESET 



(SEE NOTE 2 ) 

_xcd®h 



IF HOLD IS NOT ACTIVE (SEE NOTE 4). 


1 Setup time for RESET T may be violated with the consideration that 01 of the processor clock may begin one system CLK period later 

2 Setup and hold times for RESET J, must be met for proper operation, but RESET | may occur during 0 l or 02 

3 The data bus is only guaranteed to be in 3-state OFF at the time shown 

4 HOLD is acknowledged during RESET, causing HLDA to go active and the appropriate pins to float If HOLD remains active while RESET goes 
inactive, the 80286 remains in HOLD state and will not perform any bus accesses until HOLD is de-activiated 
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LOW DISP/DATA j HIGH DISP/DATA J 



REGISTER OPERAND/REGISTERS TO USE IN OFFSET CALCULATION 


OPERATION (INSTRUCTION) CODE 


A. SHORT OPCODE FORMAT EXAMPLE 


765432107654321076543210 



Figure 35. 80286 instruction Format Examples 


80286 INSTRUCTION SET SUMMARY 
Instruction Timing Notes 

The instruction clock counts listed below establish the 
maximum execution rate of the 80286. With no delays in 
bus cycles, the actual clock count of an 80286 program 
will average 5% more than the calculated clock count, 
due to instruction sequences which execute faster than 
they can be fetched from memory. 

To calculate elapsed times for instruction sequences, 
multiply the sum of all instruction clock counts, as listed 
in the table below, by the processor clock period. An 8 
MHz processor clock has a clock period of 1 25 nanosec- 
onds and requires an 80286 system clock (CLK input) of 
16 MHz. 

Instruction Clock Count Assumptions 

1 . The instruction has been prefetched, decoded, and 
is ready for execution. Control transfer instruction clock 
counts include all time required to fetch, decode, and 
prepare the next instruction for execution. 

2. Bus cycles do not require wait states. 

3. There are no processor extension data transfer or 
local bus HOLD requests. 

4. No exceptions occur during instruction execution. 


Instruction Set Summary Notes 

Addressing displacements selected by the MOD field 
are not shown. If necessary they appear after the in- 
struction fields shown. 

Above/below refers to unsigned value 
Greater refers to positive signed value 
Less refers to less positive (more negative) signed values 
if d = 1 then to register; if d = 0 then from register 
if w = 1 then word instruction; if w = 0 then byte 
instruction 

if s = 0 then 1 6-bit immediate data form the operand 
if s = 1 then an immediate data byte is sign-extended 
to form the 16-bit operand 
x don’t care 

z used for string primitives for comparison with ZF 
FLAG 

If two clock counts are given, the smaller refers to a reg- 
ister operand and the larger refers to a memory operand 
* = add one clock if offset calculation requires sum- 
ming 3 elements 
n = number of times repeated 
m = number of bytes of code in next instruction 
Level (L)— Lexical nesting level of the procedure 
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The following comments describe possible exceptions, 
side effects, and allowed usage for instructions in both 
operating modes of the 80286. 

REAL ADDRESS MODE ONLY 

1 . This is a protected mode instruction. Attempted ex- 
ecution in real address mode will result in an unde- 
fined opcode exception (6). 

2. A segment overrun exception (13) will occur if a word 
operand reference at offset FFFF(H) is attempted. 

3. This instruction may be executed in real address 
mode to initialize the CPU for protected mode. 

4. The IOPL and NT fields will remain 0. 

5. Processor extension segment overrun interrupt (9) 
will occur if the operand exceeds the segment limit. 

EITHER MODE 

6. An exception may occur, depending on the value of 
the operand. 

7. LOCK is automatically asserted regardless of the 
presence or absence of the LOCK instruction prefix. 

8. LOCK does not remain active between all operand 
transfers. 

PROTECTED VIRTUAL ADDRESS MODE ONLY 

9. A general protection exception (13) will occur if the 
memory operand can not be used due to either a 
segment limit or access rights violation. If a stack 
segment limit is violated, a stack segment overrun 
exception (12) occurs. 

10. For segment load operations, the CPL, RPL, and 
DPL must agree with privilege rules to avoid an ex- 
ception. The segment must be present to avoid a 


not-present exception (11). If the SS register is the 
destination, and a segment not-present violation 
occurs, a stack exception (12) occurs. 

11. All segment descriptor accesses in the GDT or LDT 
made by this instruction will automatically assert 
LOCK to maintain descriptor integrity in multipro- 
cessor systems. 

1 2. JMP, CALL, INT, RET, IRET instructions referring to 
another code segment will cause a general protec- 
tion exception (13) if any privilege rule is violated. 

13. A general protection exception (13) occurs if CPL 
± 0 . 

14. A general protection exception (13) occurs if 
CPL > IOPL. 

15. The IF field of the flag word is not updated if 
CPL > IOPL. The IOPL field is updated only if 
CPL = 0. 

1 6. Any violation of privilege rules as applied to the se- 
lector operand do not cause a protection exception; 
rather, the instruction does not return a result and 
the zero flag is cleared. 

1 7. If the starting address of the memory operand vio- 
lates a segment limit, or an invalid access is at- 
tempted, a general protection exception (13) will 
occur before the ESC instruction is executed. A stack 
segment overrun exception (12) will occur if the stack 
limit is violated by the operand’s starting address. If 
a segment limit is violated during an attempted data 
transfer then a processor extension segment over- 
run exception (9) occurs. 

18. The destination of an INT, JMP, CALL, RET or 
IRET instruction must be in the defined limit of 
a code segment or a general protection excep- 
tion (13) will occur. 
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80286 INSTRUCTION SET SUMMARY 


FUNCTION 

FORMAT 




CLOCK COUNT 

COMMENTS j 

Real 

Address 

Mode 

Protected 

Virtual 

Address 

Mode 

Real 

Address 

Mode 

Protected 

Virtual 

Address 

Mode 

DATA TRANSFER 









MOV = Move: 









Register to Register/Memory 

|l 0 0 0 1 0 0 w 1 

mod reg , r/m | 



2,3* 

2,3* 

2 

9 

Register/memory to register 

|l 0 0 0 1 0 1 w 1 

mod reg r/m | 



2,5* 

2,5* 

2 

9 

Immediate to register/memory 

|1 1 0 0 0 1 1 w | 

mod 000 r/m | 

data | 

data if w = 1 | 

2,3* 

2,3* 

2 

9 

Immediate to register 

j 1 0 1 1 w reg | 

data j 

data if w = 1 | 


2 

2 



Memory to accumulator 

|1 0 1 0 0 0 0 w 1 

addr-low | 

addr-high j 


5 

5 

2 

9 

Accumulator to memory 

1 1 0 1 0 0 0 1 w 1 

addr-low j 

addr-high | 


3 

3 

2 

9 

Register/memory to segment register 

|l 0 0 0 1 1 1 0 1 

mod 0 reg r/m | 



2,5* 

17,19* 

2 

9,10,11 

Segment register to register/memory 

|1 0 0 0 1 1 0 0 I 

mod 0 reg r/m | 

' 


2,3* 

2,3* 

2 

9 

PUSH = Push: 









Memory 

h 111111 1 1 

mod 110 r/m | 



5* 

5* 

2 

9 

Register 

|0 1 0 1 0 reg | 




3 

3 

2 

9 

Segment register 

1 0 0 0 reg 1 1 0 | 




3 

3 

2 

9 



SB 



' . '3: 

3' 

\,4 

/ - % : 

PUSBA/« Push All 

|f t f 0 9 0 0 p { 


k ' ' 0 ' 

; :* ^ t 

,17 v | 

’ ; it , 

3-- .. 

- 

POP = Pop: 









Memory 

|l 0 0 0 1 11 1 | 

mod 000 r/m | 



5* 

5* 

2 

9 

Register 

lo 1 0 1 1 reg 1 




5 

5 

2 

9 

Segment register 

|0 0 0 reg 1 1 1 | 

(reg ^01) 



5 

20 

2 

9,10,11 • 

PMrnm A&'- -- * 

1 0 1 1 9 09 9 1 | 



:> - V 

If ' 

If 

>' 2 ; 

' f 

XCHG = Exchange: 









Register/memory with register 

1 1 0 0 0 0 1 1 w 1 

mod reg r/m | 



3,5* 

3,5* 

2,7 

7,9 

Register with accumulator 

|l 0 0 10 reg | 




3 

3 



IN = Input from: 









Fixed port 

|1 1 1 0 0 1 0 w 1 

port | 



5 

5 


14 

Variable port 

|1 1 1 0 1 1 0 w | 




5 

5 


14 

OUT = Output to: 









Fixed port 

|l 1 1 0 0 1 1 w | 

port | 



3 

3 


14 

Variable port 

|1 1 1 0 1 1 1 w | 




3 

3 


14 

XLAT = Translate byte to AL 

|1 101011 1 | 




5 

5 


9 

LEA = Load EA to register 

|1 oooiioil 

mod reg r/m | 



3* 

3* 



LOS = Load pointer to DS 

|l 1 0 0 0 1 0 1 | 

mod reg r/m | 

(mod * 11) 


7* 

21* 

2 


LES = Load pointer to ES 

|l 1 0 0 0 1 0 0 | 

mod reg r/m | 

(mod ± 11) 


7* 

21* 

2 


LAHF = Load AH with flags 

1 1 0 0 1111 1 1 




2 

2 



SAHF = Store AH into flags 

|1 0 0 1111 0 1 




2 

2 



PUSHF = Push flags 

1 1 o o r 1 1 1 o o | 




3 

3 

2 

9 

POPF = Pop flags 

|i o o i i i o 1 1 




5 

5 

2,4 

9,15 


Shaded areas indicate instructions not available in iAPX 86, 88 microsystems. 
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80286 INSTRUCTION SET SUMMARY (Continued) 








CLOCK COUNT | 

COMMENTS | 







Real 

Protected 

Real 

Protected 

FUNCTION 

FORMAT 





Address 

Mode 

Virtual 

Address 

Address 

Mode 

Virtual 

Address 








Mode 


Mode 

ARITHMETIC 
ADD = Add: 










Reg/memory with register to either 

|0 0 0 0 0 0 d w 1 

mod reg 

r/m | 



2,7* 

2,7* 

2 

9 

Immediate to register/memory 

|1 0 0 0 0 0 s w | 

mod 00 0 

r/m | 

data 

| data if s w = 01 | 

3,7* 

3,7* 

2 

9 

Immediate to accumulator 

|0 0 0 0 0 1 0 w | 

data 

1 

data if w = 1 


3 

3 



ADC = Add with carry: 


• 








Reg/memory with register to either 

|0 0 0 1 0 0 d w | 

mod reg 

r/m | 



2,7* 

2,7* 

2 

9 

Immediate to register/memory 

|1 0 0 0 0 0 s w | 

mod 0 1 0 

r/m | 

data 

| data if s w = 01 | 

3,7* 

3,7* 

2 

9 

Immediate to accumulator 

|0 0 0 1 0 1 0 w | 

data 

1 

data if w = 1 


3 

3 



INC = Increment: 










Register/memory 

|1 1 1 1 1 1 1 w | 

mod 0 00 

r/m | 



2,7* 

2,7* 

2 

9 

Register 

|0 1 0 0 0 reg | 





2 

2 



SUB = Subtract: 










Reg/memory and register to either 

|0 0 1 0 1 0 d w 1 

mod reg 

r/m | 



2,7* 

2,7* 

2 

9 

Immediate from register/memory 

|1 0 0 0 0 0 s w | 

mod 1 0 1 

r/m | 

data 

| data if s w = 0 1 | 

3,7* 

3,7* 

2 

9 

Immediate from accumulator 

jO 0 1 0 1 1 0 w | 

data 

1 

data if w = 1 


3 

3 



SBB = Subtract with borrow: 










Reg/memory and register to either 

|0 0 0 1 1 0 d w | 

mod reg 

r/m | 



2,7* 

2,7* 

2 

9 

Immediate from register/memory 

|1 0 0 0 0 0 s w | 

mod 0 1 1 

r/m | 

data 

| data if s w = 0 1 | 

3,7* 

3,7* 

2 

9 











Immediate from accumulator 

|0 0 0 1 1 1 0 w | 

data 

1 

data if w = 1 

] 

3 

3 



DEC = Decrement: 










Register/memory 

|1 1 1 1 1 1 1 w | 

mod 0 0 1 

r/m | 



2,7* 

2,7* 

2 

9 

Register 

|01001 reg | 





2 

2 



CMP = Compare- 










Register/memory with register 

1 0 0 1 1 1 0 1 w 1 

mod reg 

r/m | 



2,6* 

2,6* 

2 

9 

Register with register/memory 

1 0 0 1 1 1 0 0 w I 

mod reg 

r/m | 



2,7* 

2,7* 

2 

9 

Immediate with register/memory 

|1 0 0 0 0 0 s w I 

mod 1 1 1 

r/m j 

data 

| data if s w = 0 1 | 

3,6* 

3,6* 

2 

9 

Immediate with accumulator 

1 0 0 1 1 1 1 0 w I 

data 

1 

data if w = 1 

] 

3 

3 



NEG = Change sign 

1 1 1 1 1 0 1 1 w | 

mod 0 1 1 

r/m | 



2 

7* 

2 

7 

AAA = ASCII adjust for add 

10 0 110 11 1 1 





3 

3 



DAA = Decimal adjust for add 

10 0 1 0 0 1 1 1 1 





3 

3 



AAS = ASCII adjust for subtract 

|0011111 1 1 





3 

3 



DAS = Decimal adjust for subtract 

10 0 10 111 1 1 





3 

3 













MUL = Multiply (unsigned) 

1 1 1 11 0 1 1 w I 

mod 1 0 0 

r/m | 







Register-Byte 






13 

13 



Register-Word 






21 

21 



Memory-Byte 






16* 

16* 

2 

9 

Memory-Word 






24* 

24* 

2 

9 

IMUL = Integer multiply (signed) 

|1 1 1 1 0 1 1 w 1 

mod 1 0 1 

r/m | 







Register-Byte 






13 

13 



Register-Word 






21 

21 



Memory-Byte 






16* 

16* 

2 

9 

Memory-Word 






24* 

24* 

2 

9 

IMUL= Integer immediate multiply 

jo 1 1 0 1 Os 1 j 

mod reg 

r/m | 

data 

| data)fs«0 j 

21,24* 

21,24* 

' 2 


(signed) 










DIV= Divide (unsigned) 

|l 1 1 1 0 1 1 w 1 

mod 1 1 0 

r/m | 







Register-Byte 






14 

14 

6 

6 

Register-Word 






22 

22 

6 

6 

Memory-Byte 






17* 

17* 

2,6 

6,9 

Memory-Word 






25* 

25* 

2,6 

6,9 


Shaded areas indicate instructions not available in iAPX 86, 88 microsystems. 
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80286 INSTRUCTION SET SUMMARY (Continued) 









CLOCK COUNT 

COMMENTS | 








Real 

Protected 

Real 

Protected 

FUNCTION 

FORMAT 






Address 

Mode 

Virtual 

Address 

Address 

Mode 

Virtual 

Address 









Mode 


Mode 

ARITHMETIC (Continued): 











IDIV= Integer divide (signed) 

|1 1 1 1 0 1 1 w | 

mod 111 r/m 

] 






6 


Register-Byte 







17 

17 , 

6 

Register-Word 







25 

25 

6 i 

6 

Memory-Byte 







20* 

20* 

2,6 

6,9 

Memory-Word 







28* 

28* 

2,6 

6,9 

AAM = ASCII adjust for multiply 

|1 10 10 10 0 1 

0 0 0 0 1 0 1 01 




16 

16 



AAD = ASCI 1 adjust for divide 

|1 1 0 1 01 0 1 1 

0 0 0 0 1 0 1 0 1 




14 

14 



CBW = Convert byte to word 

|1 0 0 1 1 0 0 0 1 






2 

2 



CWD = Convert word to double word 

|1 0 0 1 1 0 0 1 1 






2 

2 



LOGIC 

Shift/Rotate Instructions* 











Register/Memory by 1 

|1 1 0 1 0 0 0 w 1 

mod TTT r/m 

] 




2,7* 

2,7* 

2 

9 

Register/Memory by CL 

|1 1 0 1 0 0 1 w 1 

mod TTT r/m 

] 




5+n,8+n‘ 

5+n,8+n‘ 

2 

9 

' Register/Memory by Count 

|i 100000 wf 

mod TTT r/m J 

county:,;^ 

i 








TTT Instruction 








0 0 0 

ROL 










0 0 1 

ROR 










0 1 0 

RCl 










0 1 1 

RCR 










1 0 0 SHL/SAL 









1 0 1 

SHR 










1 1 1 

SAR 








AND = And: 











Reg/memory and register to either 

|0 0 1 0 0 0 d w 1 

mod reg r/m 

] 




2,7* 

2,7* 

2 

9 

Immediate to register/memory 

|1 OOOOOOwl 

mod 10 0 r/m 

H 

data 

r 

data if w = 1 | 

3,/* 

3,7* 

2 

9 

Immediate to accumulator 

|o 0 1 0 0 1 0 w I 

data 

H 

data tf w = 1 

] 

( 

3 

3 



TEST = And function to flags, no result: 











Register/memory and register 

|l 0 0 0 0 1 0 w 1 

mod reg r/m 

] 




2,6* 

2,6* 

2 

9 

Immediate data and register/memory 

|1 1 1 1 0 1 1 w 1 

mod 000 r/m 

n 

data 

r 

data if w = 1 | 

3,6* 

3,6* 

2 

9 

Immediate data and accumulator 

|l 0 1 0 1 0 0 w 1 

data 

n 

data if w = 1 

] 


3 

3 



OR = Or: 











Reg/memory and register to either 

1 0 0 0 0 1 0 d w 1 

mod reg r/m 

] 




2,7* 

2,7* 

2 

9 

Immediate to register/memory 

|l OOOOOOwl 

mod 001 r/m 

n 

data 

r 

dataifw=1 | 

3,7* 

3,7* 

2 

9 

Immediate to accumulator 

|0 0 0 0 1 1 0 w| 

data , 

n 

data if w = 1 

] 


3 

3 



XOR = Exclusive or: 











Reg/memory and register to either 

1 0 0 1 1 0 0 d w I 

mod reg r/m 

] 




2,7* 

2,7* 

2 

9 

Immediate to register/memory 

|1 OOOOOOwl 

mod 110 r/m 

n 

data 

i 

data if w = 1 | 

3,7* 

3,7* 

2 

9 

Immediate to accumulator 

|0 0 1 1 0 1 0 w 1 

data 

n 

data if w= 1 

] 


3 

3 



NOT = Invert register/memory 

|1 1 1 1 0 1 1 w 1 

mod 010 r/m 





2,7* 

2,7* 

2 

9 

STRING MANIPULATION: 











MOVS = Move byte/word 

|1 0 1 0 0 1 0 w 1 






5 

5 

2 

9 

CMPS = Compare byte/word 

|1 0 1 0 0 1 1 w | 






8 

8 

2 

9 

SCAS = Scan byte/word 

|1- 0 1 0 1 1 1 w | 






7 

7 

2 

9 

LODS = Load byte/wd to AL/AX 

1 1 0 10 1 1 0 w 1 






5 

5 

2 

9 

STOS = Stor byte/wd from AL/A 

1 1 0 1 0 1 0 1 w 1 






3 

3 

2 

9 

.. INS- thput byte/wd fom OX port v- 

jo i i o rivii 









. $'14 , r 

. OUTS * Output byte/wd to OX port ; : 



>' 7 / 




^fl 



Shaded areas indicate instructions not available in iAPX 86, 88 microsystems. 
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M2M&NI©I DMl?©^0!fflM’0©IM 


hitel* 


80286 INSTRUCTION SET SUMMARY (Continued) 


FUNCTION FORMAT 

CLOCK COUNT 

COMMENTS | 

Real 

Address 

Mode 

Protected 

Virtual 

Address 

Mode 

Real 

Address 

Mode 

Protected 

Virtual 

Address 

Mode 

STRING MANIPULATION (Continued): 






Repeated by count in CX 






MOVS - Move string |1 111001 0 1 1 0 1 0 0 1 0 w 


5 + 4n 

5 + 4n 

2 

9 

CMPS = Compare string |l 111001 z 1 1 0 1 0 0 1 1 w 


5 + 9n 

5 + 9n 

2,8 

8,9 - 

SCAS = Scan string |l 111001 z | 1 0 1 0 1 1 1 w 


5 + 8n 

5 + 8n 

2,8 

8,9 

LODS = Load string |1 1110 0 1 0 1 1 0 1 0 1 1 0 w 


5 + 4n 

5 + 4n 

2,8 

8,9 

STOS = Store string |l 111001 0 1 1 0 1 0 1 0 1 w 


4 + 3n 

4+3n 

2,8 

8,9 

INS - Input string v |1 1 1 1 0 0 1 0 1 0 1 10 110 w 

V V ' A u 



' XV 


. OUTS* Output string |1 i 1 1 0 0 1 0 1 0 1 1 0 1 1 1 w 


: , 




CONTROL TRANSFER 






CALL = Call: 






Direct within segment |l 1 1 0 1 0 0 0 | disp-low 

disp-high | 

7+m 

7+m 

2 

18 

Register/memory 1 1 111111 1 | mod 010 r/m 


7+m,11+m* 

7+m,11+m* 

2,8 

8,9,18 

indirect within segment " ■ “ ~j 






Direct intersegment 1 1 0 0 1 1 0 1 0 | segment offset | 

13 + m 

26+ m 

2 

11,12,18 

1 segment selector | 





Protected Mode Only (Direct intersegment): 






Via call gate to same privilege level 



41 +m 


8,11,12,18 

Via call gate to different privilege level, no parameters 



82+m 


8,11,12,18 

Via call gate to different privilege level, x parameters 



86+4x+m 


8,11,12,18 

ViaTSS 



177+m 


8,11,12,18 

Via task gate 



182+m 


8,11,12,18 

Indirect intersegment 1 1 111111 1 | mod Oil r/m 

(mod ± 11) 

16+m 

29 +m* 

2 

8,9,11,12,18 

Protected Mode Only (indirect intersegment): 






Via call gate to same privilege level 



44+m* 


8,9,11,12,18 

Via call gate to different privilege level, no parameters 



83+ m* 


8,9,11,12,18 

Via call gate to different privilege level, x parameters 



90+4x+m* 


8,9,11,12,18 

ViaTSS 



180 +m* 


8,9,11,12,18 

Via task gate 



185+m* 


8,9,11,12,18 

JMP = Unconditional jump: 






Short/long |l 110 10 1 1 | disp-low 


7+m 

7+jp 


18 

Direct within segment |l 110100 1| disp-low 

disp-high | 

7+m 

7+m 


18 

Register/memory indirect within segment |l 111111 1 | modi 00 r/m 


7+m,11 +m* 

7+m,11+m* 

2 

9,18 

Direct intersegment 1 1 110 10 1 0 | segment offset I 

11 +m 

23 + m 


11,12,18 

1 segment selector 1 





Protected Mode Only (Direct intersegment): 






Via call gate to same privilege level 



38+m 


8,11,12,18 

ViaTSS 



175+m 


8,11,12,18 

Via task gate 



180+m 


8,11,12,18 

Indirect interseament 1 1 1 1 1 1 1 1 1 | mod 1 0 1 r/m 

(mod * 11) 

15+m* 

26 +m* 

2 

8,9,11,12,18 

Protected Mode Only (Indirect intersegment): 






Via call gate to same privilege level 



41 +m* 


8,9,11,12,18 

ViaTSS 



178+m* 


8,9,11,12,18 

Via task gate 



183+m* 


8,9,11,12,18 

RET = Return from CALL: 






Within segment 1 1 1 0 0 0 0 1 1 | 


11 +m 

11 +m 

2 

8,9,18 

Within seg adding immed to SP |l 1 0 0 0 0 1 0 | data-low 

data-high j 

11 +m 

11 +m 

2 

8,9,18 

Intersegment |l 10 0 10 1 1 | 


15 + m 

25 + m 

2 

8,9,11,12,18 

Intersegment adding immediate to SP |l 10 0 10 1 0 | data-low 

data-high | 

15 + m 


2 

8,9,11,12,18 

Protected Mode Only (RET): 






To different privilege level 



55 + m 


9,11,12,18 


Shaded areas indicate instructions not available in iAPX 86, 88 microsystems. 
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inter 


80286 INSTRUCTION SET SUMMARY (Continued) 








CLOCK COUNT 

COMMENTS 







Real 

Protected 

Real 

Protected 

FUNCTION 

FORMAT 





Address 

Mode 

Virtual 

Address 

Address 

Mode 

Virtual 

Address 








Mode 


Mode 

CONTROL TRANSFER (Continued): 










JE/JZ= Jump on equal/zero 

|0 1 1 1 0 1 0 0 j 

disp 

□ 



7+mor3 

7+mor3 


18 

JL/JNGE = Jump on less/not greater or equal 

Jo 1 1 1 1 1 0 0 1 

disp 

□ 



7+mor3 

7 + mor3 


18 

JLE/JNG = Jump on less or equal/not greater 

10111111 0| 

disp 

□ 



7+mor3 

7+mor3 


18 

JB/JNAE = Jump on below/not above or equal 

|0 1 1 1 0 0 1 0 | 

disp 

□ 



7+mor3 

7+mor3 


18 

JBE/JNA = Jump on below or equal/not above 

|0 1 1 1 0 1 1 0 1 

disp 

□ 



7+mor3 

7+mor3 


18 

JP/JPE = Jump on parity/panty even 

|o i i i i o i o | 

disp 

□ 



7+mor3 

7+mor3 


18 

JO - Jump on overflow 

10 1 1 1 0 0 0 0] 

disp 

□ 



7+mor3 

7+mor3 


18 

JS= Jump on sign 

1011 1 1000] 

disp 

□ 



7+mor3 

7+mor3 


18 

JNE/JNZ = Jump on not equal/not zero 

|0 1 1 1 0 1*0 1 1 

disp 

□ 



7+mor3 

7+mor3 


18 

JNL/JGE - Jump on not less/greater or equal 

|0 1 1 1 1 1 0 1 | 

disp 

□ 



7+mor3 

7+mor3 


18 

JNLE/JG = Jump on not less or equal/greater 

(0111111 1 1 

disp 

□ 



7+mor3 

7+mor3 


18 

JNB/JAE = Jump on not below/above or equal 

(0111001 1 | 

disp 

□ 



7+mor3 

7+mor3 


18 

JNBE/JA = Jump on not below or equal/above 

(0111011 1 1 

disp 

□ 



7+mor3 

7+mor3 


18 

JNP/JPO = Jump on not par/par odd 

(0111101 1 1 

disp 

□ 



7+mor3 

7+mor3 


18 

JNO= Jump on not overflow 

10 1 1 1 0 0 0 1] 

disp 

□ 



7+mor3 

7+mor3 


18 

JNS= Jump on not sign 

(01111001] 

disp 

□ 



7+mor3 

7+mor3 


18 

LOOP = Loop CX times 

|l 1 1 0 0 0 1 0 1 

disp 

□ 



8+mor4 

8 + mor4 


18 

LOOPZ/LOOPE = Loop while zero/equal 

(l 1 1 0 0 0 0 1 ] 

disp 

□ 



8+mor4 

8 + mor4 


18 

LOOPNZ/LOOPNE = Loop white not zero/equal |1 1 1 0 0 0 0 0] 

disp 

□ 



8+mor4 

8 + mor4 


18 

JCXZ= Jump on CX zero 

1 1 1 1 0 0 0 1 1 ( 

disp 

□ 



8+mor4 

8 + mor4 


18, 

* ^ ‘A y#; . 










: l!S 

PP 


life 

i|J 

ife 

.1, 

15+4(1-1) 

n 
; n 
2,8 
2,8 

8,2 

8,9 

8,9 

8,9 

INT= Interrupt: 










Type specified 

(l 1 ooiioil 

type 

□ 



23 + m 


2,7,8 


Type 3 

( 1 1 0 0 1 1 0 0 1 





23 + m 


2,7,8 


INTO = Interrupt on overflow 

(l 10 0 111 0 | 





24+mor3 


2,6,8 







(3 if no 

(3 if no 



Protected Mode Only: 






interrupt) 

interrupt) 



Via interrupt or trap gate to same privilege level 






40 + m 


7,8,11,12,18 

Viainterrupt or trap gate to fit different privilege level 






78 + m 


7,8,11,12,18 

Via Task Gate 







167+m 


7,8,11,12,18 

IRET = Interrupt return 

| 1 1 0 0 1 1 1 1 1 





17+m 

31 +m 

2,4 

8,9,11,12,15,18 

Protected Mode Only: 










To different privilege level 







55 + m 


8,9,11,12,15,18 

To different task (NT == 1 ) 







169+m 


8,9,11,12,18 


«" *,V» 

. * ■ ;• V'ft 



g||| 

fja&m 

,3- 

111 


$8,9,11,12,18 


Shaded areas indicate instructions not available in iAPX 86, 88 microsystems. 
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IAPX 286/10 




80286 INSTRUCTION SET SUMMARY (Continued) 


FUNCTION 


PROCESSOR CONTROL 



CLC = Clear carry 

|1 1 1 1 

1 0 0 0 1 

CMC = Complement carry 

|iiii 

0 1 0 1 1 

STC = Set carry 

Mill 

1 0 0 1 1 

CLD = Clear direction 

|iiii 

.1 1 0 o| 

STD = Set direction 

liiii 

1 10JI 

CLI = Clear interrupt 

Miii 

1 0 1 0 1 

STI = Set interrupt 

ji 1 1 1 

10 11| 

HLT = Halt 

liiii 

0 1 0 0 1 

WAIT = Wait 

|1 0 0 1 

1 0 1 1 | 

LOCK = Bus lock prefix 

liiii 

0 0 0 0 1 


ESC = Processor Extension Escape 


' t ifl o o fl ni.il 00000 1 1 ol 

|1 1 0 1 ITT T I 


v ; \ 


, IttlK = A#ist requested pmiege (evei: 

life ; I 0 ' !,'* i 

verr - 



SEG= Segment Override Prefix 

L 60 T * * ■ * f jo 0 0 0 1 t r 1 1 0 0 0 0 8 0 0 1 f modOl : 

0 0 00(H) 1‘ ' ' 

U0T»t4«ffel^^lite^ V J N lo 0 0 0 1 1 t t 

0 0 0 till 

slot mmmm mewm 

iisasisi 
v Ml » i w* 

, ; sdMpjMV 

' : vpl | ;>"■"'> /V g 

oo ooooi 


jo qo ojtY'trft o o 'o o'o b o j i ' m t : 


Shaded areas indicate instructions not available in iAPX 86, 88 microsystems. 
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iAPX 286/10 


inW* 


OMtPOO^TWI 


Footnotes 


The effective Address (EA) of the memory operand is 
computed according to the mod and r/m fields: 

if mod = 1 1 then r/m is treated as a REG field 
if mod = OOthenDISP = 0*, disp-lowand disp-high 
are absent 

if mod = 01 thenDISP = disp-low sign-extended to 

1 6-bits, disp-high is absent 

if mod = 10 thenDISP = disp-high: disp-low 

if r/m = 000 then EA = (BX) + (SI) + DISP 

if r/m = 001 then EA = (BX) + (Dl) + DISP 

if r/m = 010 then EA = (BP) + (SI) + DISP 

if r/m = 01 1 then EA = (BP) + (Dl) + DISP 

if r/m = 100 then EA = (SI) + DISP 
if r/m = 101 then EA = (Dl) + DISP 
if r/m = 110 then EA = (BP) + DISP* 
if r/m = 1 1 1 then EA = (BX) + DISP 

DISP follows 2nd byte of instruction (before data if 
required) 

‘except if mod = 00 and r/m = IIOthenEA = disp-high. disp-low. 

SEGMENT OVERRIDE PREFIX 

1 0 0 1 reg 1 1 0 1 

reg is assigned according to the following: 

4 Segment 

reg Register 

00 ES 

01 CS 

10 SS 

11 DS 


REG is assigned according to the following table: 


16-Bit (w = 1) 

8-Bit (w = 0) 

000 

AX 

000 

AL 

001 

cx 

001 

CL 

010 

DX 

010 

DL 

Oil 

BX 

Oil 

BL 

100 

SP 

100 

AH 

101 

BP 

101 

CH 

110 

SI 

110 

DH 

111 

Dl 

111 

BH 


The physical addresses of all operands addressed by 
the BP register are computed using the SS segment 
register. The physical addresses of the destination op- 
erands of the string primitive operations (those ad- 
dressed by the Dl register) are computed using the ES 
- segment, which may not be overridden. 
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268 - 5400-50 


268 - 5400-51 



SOCKET 


FRONT 


DEVICE PADS 
SHOWN FOR 
CONTACT 
LOCATION 
ONLY-NOT 
TO SCALE 


x /-PIN NO 1 

i 


ORIENTATION V-f ' X 
PIN CLR HOLERS ^1 . 

FORI r 1 00 

( S) 

At ^g-TYP 

y < 2M > I 


FRONT 


lUSCALfc , + ** + *** + + ✓ +i L 

,015 „ 4 


ml 

(0.51) 

CONTACT TAIL 


n (20.32) 

8 SPCSe.lOOTOL NON ACCUM TYP 4 PLCS 


ALUMINUM LID 

(HEATSINK PROVISIONS OPTIONAL) 


TEST PROBE POINT 

V 


.342 

(8.69) 




ant 


Jn <£i?> TYP5PLCS 

(2.54) 



Figure 36. Textool 68 Lead Chip Carrier Socket 
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mmm i DNPORDfiAmN 



80287 

80-Bit HMOS 

NUMERIC PROCESSOR EXTENSION 

80287-3 


High Performance 80-Bit Internal 
Architecture 

Implements Proposed IEEE Floating 
Point Standard 754 

Expands iAPX 286/10 Datatypes to 
Include 32-, 64-, 80-Bit Floating Point, 
32-, 64-Bit Integers and 18-Digit BCD 
Operands 

Object Code Compatible with 8087 
Built-in Exception Handling 

Operates in Both Real and Protected 
Mode iAPX 286 Systems 


■ Protected Mode Operation Completely 
Conforms to the iAPX 286 Memory 
Management and Protection 
Mechanisms 

■ Directly Extends iAPX 286/10 Instruction 
Set to Trigonometric, Logarithmic, 
Exponential and Arithmetic Instructions 
for All Datatypes 

■ 8x80-Bit, Individually Addressable, 
Numeric Register Stack 

■ Available in EXPRESS—Standard 
Temperature Range 


The Intel® 80287 is a high performance numerics processor extension that extends the iAPX 286/10 
architecture with floating point, extended integer and BCD data types. The iAPX 286/20 computing system 
(80286 with 80287) fully conforms to the proposed IEEE Floating Point Standard. Using a numerics 
oriented architecture, the 80287 adds over fifty mnemonics to the iAPX 286/20 instruction set, making the 
iAPX 286/20 a complete solution for high performance numeric processing. The 80287 is implemented in 
N-channel, depletion load, silicon gate technology (HMOS) and packaged in a 40-pin ceramic package. 
The iAPX 286/20 is object code compatible with the iAPX 86/20 and iAPX 88/20. 


BUS INTERFACE UNIT 


NUMERIC EXECUTION UNIT 


STATUS 

ADDRESS 




NOTE: 

N.C. PINS MUST NOT BE CONNECTED. 


Figure 1. 80287 Block Diagram 


Figure 2. 80287 Pin Configuration 


Intel Corporation Assumes No Responsibility for the Use of Any Circuitry Other Than Circuitry Embodied in an Intel Product. No Other Circuit 
Patent Licenses are Implied. January 1985 

© INTEL CORPORATION, 1 983. Order Number: 210920-003 
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Table 1. 80287 Pin Description 


Symbols 

Type 

Name and Function 

CLK 

1 

Clock input: this clock provides the basic timing for internal 80287 opera- 
tions. Special MOS level inputs are required. The 82284 or 8284A CLK 
outputs are compatible to this input. 

CKM 

1 

Clock Mode signal: indicates whether CLK input is to be divided by 3 or 
used directly. A HIGH input will cause CLK to be used directly. This input 
may be connected to V cc or V ss as appropriate. This input must be either 
HIGH or LOW 20 CLK cycles before RESET goes LOW. 

RESET 

1 

System Reset: causes the 80287 to immediately terminate its present ac- 
tivity and enter a dormant state. RESET is required to be HIGH for more than 
4 80287 CLK cycles. For proper initialization the HIGH-LOW transition must 
occur no sooner than 50 /as after Vcc and CLK meet their D.C. and A.C. 
specifications. 

D15-D0 

I/O 

Data: 16-bit bidirectional data bus. Inputs to these pins may be applied 
asynchronous to the 80287 clock. 

BUSY 

0 

Busy status: asserted by the 80287 to indicate that it is currently executing 
a command. 

ERROR 

0 

Error status: reflects the ES bit of the status word. This signal indicates 
that an unmasked error condition exists. 

PEREQ 

0 

Processor Extension Data Channel operand transfer request: a HIGH on 
this output indicates that the 80287 is ready to transfer data. PEREQ will be 
disabled upon assertion of PEACK or upon actual data transfer, whichever 
occurs first, if no more transfers are required. 

PEACK 

1 

Processor Extension Data Channel operand transfer ACKnowledge: ack- 
nowledges that the request signal (PEREQ) has been recognized. Will 
cause the request (PEREQ) to be withdrawn in case there are no more 
transfers required. PEACK may be asynchronous to the 80287 clock. 

NPRD 

1 

Numeric Processor Read: Enables transfer of data from the 80287. This 
input may be asynchronous to the 80287 clock. 

NPWR 

1 

Numeric Processor Write: Enables transfer of data to the 80287. This input 
may be asynchronous to the 80287 clock. 

NPS1, NPS2 

1 

Numeric Processor Selects: indicate the CPU is performing an ESCAPE instruc- 
tion. Concurrent assertion of these signals (i.e., NPSl is LOW and NPS2 is 
HIGH) enables the 80287 to perform floating point instructions. No data trans- 
fers involving the 80287 will occur unless the device is selected via these 
lines. These inputs may be asynchronous to the 80287 clock. 

CMD1, CMDO 

1 

Command lines: These, along with select inputs, allow the CPU to direct the 
operation of the 80287. 

These inputs may be asynchronous to the 80287 clock. 
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Table 1. 80287 Pin Description (cont.) 


Symbols 

Type 

Name and Function 

CLK286 

■ 

CPU Clock: This input provides a sampling edge for the 80287 inputs ST, SO, 
COD/INTA, READY, and HLDA. It must be connected to the 80286 CLK input. 

SI, SO 
COD/INTA 

■ 

Status: These inputs must be connected to the corresponding 80286 pins. 

HLDA 

■ 

Hold Acknowledge: This input informs the 80287 when the 80286 controls 
the local bus. It must be connected to the 80286 HLDA output. 

READY 

■ 

Ready: The end of a bus cycle is signaled by this input. It must be connected 
to the 80286 READY input. 

Vss 

1 

System ground, both pins must be connected to ground. 

V cc 

1 

+5V supply 


FUNCTIONAL DESCRIPTION 

The 80287 Numeric Processor Extension (NPX) 
provides arithmetic instructions for a variety of 
numeric data types in iAPX 286/20 systems. It also 
executes numerous built-in transcendental func- 
tions (e.g., tangent and log functions). The 80287 
executes instructions in parallel with a 80286. It 


effectively extends the register and instruction set 
of an iAPX 286/10 system for existing iAPX 286 
data types and adds several new data types as well. 
Figure 3 presents the program visible register 
model of the iAPX 286/20. Essentially, the 80287 
can be treated as an additional resource or an 
extension to the iAPX 286/10 that can be used as a 
single unified system, the iAPX 286/20. 



Figure 3. iAPX 286/20 Architecture 
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The 80287 has two operating modes similar to the 
two modes of the 80286. When reset, 80287 is in 
the real address mode. It can be placed in the 
protected virtual address mode by executing the 
SETPM ESC instruction. The 80287 cannot be 
switched back to the real address mode except by 
reset. In the real address mode, the iAPX 286/20 is 
completely software compatible with iAPX 86/20, 
88 / 20 . 

Once in protected mode, all references to memory 
for numerics data or status information, obey the 
iAPX 286 memory management and protection 
rules giving a fully protected extension of the 
80286 CPU. In the protected mode, iAPX 286/20 
numerics software is also completely compatible 
with iAPX 86/20 and iAPX 88/20. 


SYSTEM CONFIGURATION 

As a processor extension to an 80286, the 80287 
can be connected to the CPU as shown in Figure 4. 
The data channel control signals (PEREQ, 
PEACK), the BUSY signal and the NPRD, NPWR 
signals, allow the NPX to receive instructions and 
data from the CPU. When in the protected mode, all 
information received by the NPX is validated by the 
80286 memory management and protection unit. 
Once started, the 80287 can process in parallel 
with and independent of the host CPU. When the 
NPX detects an error or exceptio n, it will indicate 
this to the CPU by asserting the ERROR signal. 

The NPX uses the processor extension request and 
acknowledge pins of the 80286 CPU to implement 
data transfers with memory under the protection 
model of the CPU. The full virtual and physical 
address space of the 80286 is available. Data for 
the 80287 in memory is addressed and represented 
in the same manner as for an 8087. 

The 80287 can operate either directly from the CPU 
clock or with a dedicated clock. For operation with 
the CPU clock (CKM=0), the 80287 works at one- 
third the frequency of the system clock (i.e., for an 
8 MHz 80286, the 16 MHz system clock is divided 
down to 5.3 MHz). The 80287 provides a capability 
to internally divide the CPU clock by three to pro- 
duce the required internal clock (33% duty cycle). 
To use a higher performance 80287 (8 MHz), an 
8284A clock driver and appropriate crystal may be 
used to directly drive the 80287 with a 1/3 duty 
cycle clock on the CLK input (CKM=1). 


HARDWARE INTERFACE 

Communication of instructions and data operands 
between the 80286 and 80287 is handled by the 
CMD0, CMD1, FIRST, NPS2, NPRD, and NPWR sig- 
nals. I/O port addresses 00F8H, 00FAH, and 00FCH 
are used by the 80286 for this communic ation. When 
any of these addresses are used, the N PSl i nput 
must be LOW and NPS2 input HIGH. The IUR C and 
lOWC outputs of the 82288 identify I/O space trans- 
fers (see Figure 4). CMD0 should be connected to 
latched 80286 A1 and CMD1 should be connected to 
latched 80286 A2. The ST, SO, COD/1NTA, READY, 
HLDA, and CLK pins of the 80286 are connected to 
the same named pins on the 80287. 

I/O ports 00F8H to 00FFH are reserved for the 
80286/80287 interface. To guarantee correct oper- 
ation of the 80287, programs must not perform any 
I/O operations to these ports. 


The PEREQ, PEACK, BUSY, and ERROR signals of 
the 80287 are connected to the same-named 80286 
input. The data pins o.f the 80287 should be directly 
connected to the 80286 data bus. Note that all bus 
drivers connected to the 80286 local bus must be 
inhibited when th e 80 286 readj_from the 80287. 
The use of COD/INTA and M/IO in the decoder 
prevents INTA bus cycles from disabling the data 
transceivers. 


PROGRAMMING INTERFACE 

Table 2 lists the seven data types the 80287 sup- 
ports and presents the format for each type. These 
values are stored in memory with the least signifi- 
cant digits at the lowest memory address. Pro- 
grams retrieve these values by generating the 
lowest address. All values should start at even 
addresses for maximum system performance. 

Internally the 80287 holds all cumbers in the tem- 
porary real format. Load instructions automati- 
cally convert operands represented in memory as 
16-, 32-, or 64-bit integers, 32- or 64-bit floating 
point number or 18-digit packed BCD numbers 
into temporary real format. Store instructions per- 
form the reverse type conversion. 

80287 computations use the processor’s register 
stack. These eight 80-bit registers provide the 
equivalent capacity of 40 16-bit registers. The 
80287 register set can be accessed as a stack, with 


4-57 


210920-003 



80287 



4-58 


210920-003 












60287 


AOVADOGIE 


iny 


Table 2. 80287 Datatype Representation In Memory 



NOTES: 

(1) S = Sign bit (0 = positive, 1 = negative) 

(2) d n = Decimal digit (two per byte) 

(3) X = Bits have no significance; 8087 ignores when load- 
ing, zeros when storing. 

(4) a = Position of implicit binary point 

(5) I = Integer bit of significand; stored in temporary real, 
implicit in short and long real 


(6) Exponent Bias (normalized valuer): 

Short Real: 127 (7FH) 

Long Real: 1023 (3FFH) 
Temporary Real: 16383 (3FFFH) 

(7) Packed BCD: (-1) S (D 17 . . ,D 0 ) 

(8) Real: (-1) S (2 E " BIAS )(F 0 F, . . .) 


instructions operating on the top one or two stack 
elements, or as a fixed register set, with instruc- 
tions operating on explicitly designated registers. 

Table 6 lists the 80287’s instructions by class. No 
special programming tools are necessary to use 
the 80287 since all new instructions and data types 
are directly supported by the iAPX 286 assembler 


and appropriate high level languages. All iAPX 
86/88 development tools which support the 8087 
can also be used to develop software for the iAPX 
286/20 in real address mode. 


Table 3 gives the execution times of some typical 
numeric instructions. 
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Table 3. Execution Time for Selected 80287 Instructions 


Floating Point Instruction 

Approximate Execution 
Time (/as) 

80287 

(5 MHz Operation) 

Add/Subtract 

14/18 

Multiply (single precision) 

19 

Multiply (extended precision) 

27 

Divide 

39 

* 

Compare 

9 

Load (double precision) 

10 

Store (double precision) 

21 

Square Root 

36 

Tangent 

90 

Exponentiation 

100 


SOFTWARE INTERFACE 

The iAPX 286/20 is programmed as a single pro- 
cessor. All communication between the 80286 and 
the 80287 is transparent to software. The CPU au- 
tomatically controls the 80287 whenever a numeric 
instruction is executed. All memory addressing 
modes, physical memory, and virtual memory of 
the CPU are available for use by the NPX. 

Since the NPX operates in parallel with the CPU, 
any errors detected by the NPX may be reported 
after the CPU has executed the ESCAPE instruc- 
tion which caused it. To allow identification of the 
failing numeric instruction, the NPX contains two 
pointer registers which identify the address of the 
failing numeric instruction and the numeric 
memory operand if appropriate for the instruction 
encountering this error. 


INTERRUPT DESCRIPTION 

Several interrupts of the iAPX 286 are used to 
report exceptional conditions while executing 
numeric programs in either real or protected 
mode. The interrupts and their functions are 
shown in Table 4. 


PROCESSOR ARCHITECTURE 

As shown in Figure 1 , the NPX is internally divided 
into two processing elements, the bus interface 
unit (BIU) and the numeric execution unit (NEU). 
The NEU executes all numeric instructions, while 
the BIU receives and decodes instructions, re- 
quests operand transfers to and from memory and 
executes processor control instructions. The two 
units are able to operate independently of one 
another allowing the BIU to maintain asynchro- 
nous communication with the CPU while the NEU 
is busy processing a numeric instruction. 


BUS INTERFACE UNIT 

The BIU decodes the ESC instruction executed by the 
CPU. If the ESC code defines a math instruction, the 
BIU transmits the formatted instruction to the NEU. If 
the ESC code defines an administrative instruction, 
the BIU executes it independently of the NEU. The 
parallel operation of the NPX with the CPU is no rmally 
tran sparent to the user. The BIU generates the BUSY 
and ERROR signals for 80826/80287 processor syn- 
chronization and error notification, respectively. 

The 80287 executes a single numeric instruction at 
a time. When executing most ESC instructions, the 
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Table 4. 80286 Interrupt Vectors Reserved for NPX 


Interrupt Number 

Interrupt Function 

7 

An ESC instruction was encountered when EM or TS of the 80286 MSW was set. 
EM=1 indicates that software emulation of the instruction is required. When TS is 
set, either an ESC or WAIT instruction will cause interrupt 7. This indicates that the 
current NPX context may not belong to the current task. 

9 

The second or subsequent words of a numeric operand in memory exceeded a 
segment’s limit. This interrupt occurs after executing an ESC instruction. The saved 
return address will not point at the numeric instruction causing this interrupt. After 
processing the addressing error, the iAPX 286 program can be restarted at the 
return address with IRET. The address of the failing numeric instruction and 
numeric operand are saved in the 80287. An interrupt handler for this interrupt must 
execute FNINIT before any other ESC or WAIT instruction. 

13 

The starting address of a numeric operand is not in the segment’s limit. The return 
address will point at the ESC instruction, including prefixes, causing this error. The 
80287 has not executed this instruction. The instruction and data address in 80287 
refer to a previous, correctly executed, instruction. 

16 

The previous numeric instruction caused an unmasked numeric error. The address 
of the faulty numeric instruction or numeric data operand is stored in the 80287. 
Only ESC or WAIT instructions can cause this interrupt. The 80286 return address 
will point at a WAIT or ESC instruction, including prefixes, which may be restarted 
after clearing the error condition in the NPX. 


80286 tests the BUSY pin and waits until the 80287 
indicates that it is not busy before initiating the com- 
mand. Once initiated, the 80286 continues program 
execution while the 80287 executes the ESC instruc- 
tion. In iAPX 86/20 systems, this synchronization is 
achieved by placing a WAIT instruction before an ESC 
instruction. For most ESC instructions, the iAPX 286/20 
does not require a WAIT instruction before the ESC 
opcode. However, the iAPX 286/20 will operate cor- 
rectly with these WAIT instructions. In all cases, a WAIT 
or ESC instruction should be inserted after any 80287 
store to memory (except FSTSW and FSTCW) or load 
from memory (except FLDENV or FRSTOR) before the 
80286 reads or changes the value to be sure the 
numeric value has already been written or read by 
the NPX. 

Data transfers between memory and the 80287, 
when needed, are controlled by the PEREQ 
PEACK, NPRD, NPWR, NPS1, NPS2 signals. The 
80286 does the actual data transfer with memory 
through its processor extension data channel. 
Numeric data transfers with memory performed by 
the 80286 use the same timing as any other bus 


cycle. Control signals for the 80287 are generated 
by the 80826 as shown in Figure 4, and meet the 
timing requirements shown in the AC require- 
ments section. 

NUMERIC EXECUTION UNIT 

The NEU executes all instructions that involve the 
register stack; these include arithmetic, logical, tran- 
scendental, constant and data transfer instructions. 
The data path in the NEU is 84 bits wide (68 signifi- 
cand bits, 15 exponent bits and a sign bit) which 
allows internal operand transfers to be performed at 
very high speeds. 

When the NEU b egins e xecuting an instruction, it 
activates the BIU BUSY signal. This signal is used 
in conjunction with the CPU WAIT instruction or 
automatically with most of the ESC instructions to 
synchronize both processors. 

REGISTER SET 

The 80287 register set is shown in Figure 5. Each of 
the eight data registers in the 8087’s register stack 
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Figure 5. 80287 Register Set 


is 80 bits wide and is divided into “fields” corre- 
sponding to the NPX’s temporary real data type. 

At a given point in time the TOP field in the status 
word identifies the current top-of-stack register. A 
“push” operation decrements TOP by 1 and loads a 
value into the new top register. A “pop” operation 
stores the value from the current top register and 
then increments TOP by 1. Like 80286 stacks in 
memory, the 80287 register stack grows “down” 
toward lower-addressed registers. 

Instructions may address the data registers either 
implicitly or explicitly. Many instructions operate on 
the register at the TOP of the stack. These instructions 
implicitly address the register pointed by the TOP. 
Other instructions allow the programmer to explicitly 
specify the register which is to be used. This explicit 
register addressing is also “top-relative.” 

STATUS WORD 

The 16-bit status word (in the status register) 
shoyvn in Figure 6 reflects the overall state of the 
80287. It may be read and inspected by CPU code. 
The busy bit (bit 15) indicates whether the NEU is 
executing an instruction (B = 1) or is idle (B = 0). 


The instructions FSTSW, FSTSW AX, FSTENV, and 
FSAVE which store the status word are executed 
exclusively by the BIU and do not set the busy bit 
themselves or require the Busy bit be cleared in 
order to be executed. 

The four numeric condition code bits (C 0 -C 3 ) are 
similar to the flags in a CPU: instructions that perform 
arithmetic operations update these bits to reflect the 
outcome of NPX operations. The effect of these 
instructions on the condition code bits is summarized 
in Tables 5a and 5b. 

Bits 1 4-1 2 of the status word point to the 80287 regis- 
ter that is the current top-of-stack (TOP) as described 
above. Figure 6 shows the six error flags in bits 5-0 of 
the status word. Bits 5-0 are set to indicate that the 
NEU has detected an exception while executing an 
instruction. The section on exception handling explains 
how they are set and used. 

Bit 7 is the error summary status bit. This bit is set if 
any unmasked exception bit is set and cleared other- 
wise. If this bit is set, the ERROR signal is asserted. 
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EXCEPTION FLAGS (1 = EXCEPTION HAS OCCURRED) 

INVALID OPERATION* 

DENORMALIZED OPERAND* 

ZERO DIVIDE* 

OVERFLOW* 

: UNDERFLOW* 

PRECISION* 

(RESERVED) 

ERROR SUMMARY STATUS' 1 ’ 

CONDITION CODE' 2 ’ 

LLJ TOP OF STACK POINTER* 3 ’ 

NEU BUSY 

'’’eS IS SET IF ANY UNMASKED EXCEPTION BIT IS SET, CLEARED OTHERWISE. 

2 SEE TABLE 5 FOR CONDITION CODE INTERPRETATION. 

(3) TOP VALUES 

000 = Register 0 is Top of Stack 

001 = Register 1 is Top of Stack 


111 = Register 7 is Top of Stack 

*For definitions, see the section on exception handling 


Figure 6. 80287 Status Word 


TAG WORD 

The tag word marks the content of each register as 
shown in Figure 7. The principal function of the tag 
word is to optimize the NPX’s performance. The eight 
two-bit tags in the tag word can be used, however, to 
interpret the contents of 80287 registers. 


INSTRUCTION AND DATA POINTERS 

The instruction and data pointers (See Figures 8a 
and 8b) are provided for user-written error hand- 
lers. Whenever the 80287 executes a new instruc- 
tion, the BIU saves the instruction address, the 
operand address (if present) and the instruction 
opcode. 80287 instructions can store this data into 
memory. 

The instruction and data pointers appear in one of 
two formats depending on the operating mode of 
the 80287. In real mode, these values are the 20-bit 
physical address and 11 -bit opcode formatted like 
the 8087. In protected mode, these values are the 
32-bit virtual addresses used by the program 


which executed an ESC instruction. The same 
FLDENV/FSTENV/FSAVE/FRSTOR instructions as 
those of the 8087 are used to transfer these values 
between the 80287 registers and memory. 

The saved instruction address in the 80287 will 
point at any prefixes which preceded the instruc- 
tion. This is different than in the 8087 which only 
pointed at the ESCAPE instruction opcode. 


CONTROL WORD 

The NPX provides several processing options 
which are selected by loading a word from memory 
into the control word. Figure 9 shows the format 
and encoding of fields in the control word. 

The low order byte of this control word configures 
the 80287 error and exception masking. Bits 5-0 of 
the control word contain individual masks for each 
of the six exceptions that the 80287 recognizes. 
The high order byte of the control word configures 
the 80287 operating mode including precision, 
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Table 5a. Condition Code Interpretation 


Instruction 

Type 

C3 

c 2 

Cl 

Co 

Interpretation 

Compare, Test 

0 

0 

X 

0 

ST > Source or 0 (FTST) 


0 

0 

X 

1 

ST < Source or 0 (FTST) 


1 

0 

X 

0 

ST = Source or 0 (FTST) 


1 

1 

X 

1 

ST is not comparable 

Remainder 

Qi 

0 

Qo 

Q2 

Complete reduction with 
three low bits of quotient 
(See Table 5b) 


u 

1 

u 

u 

Incomplete Reduction 

Examine 

0 

0 

0 

0 

Valid, positive unnormalized 


0 

0 

0 

1 

Invalid, positive, exponent =0 


0 

0 

1 

0 

Valid, negative, unnormalized 


0 

0 

1 

1 

Invalid, negative, exponent =0 


0 V 

1 

0 

0 

Valid, positive, normalized 


0 

1 

0 

1 

Infinity, positive 


0 

1 

1 

0 

Valid, negative, normalized 


0 

1 

1 

1 

Infinity, negative 


1 

0 

0 

0 

Zero, positive 


1 

0 

0 

1 

Empty 


1 

0 

1 

0 

Zero, negative 


1 

0 

1 

1 

Empty 


1 

1 

0 

0 

Invalid, positive, exponent = 0 


1 

1 

0 

1 

Empty 


1 

1 

1 

0 

Invalid, negative, exponent = 0 


1 

1 

1 

1 

Empty 


NOTES: 

1 . ST = Top of stack 

2. X = value is not affected by instruction 

3. U = value is undefined following instruction 

4. Q n = Quotient bit n 


Table 5b. Condition Code Interpretation after 
FPREM Instruction As a Function of 
Dividend Value 


Dividend Range 

02 

Qi 

Qo 

Dividend < 2 * Modulus 

C3 

Cl 

Qo 

Dividend < 4 * Modulus 

C 3 

Qi 

Qo 

Dividend ^ 4 * Modulus 

q 2 

Qi 

Qo 


NOTE: 

1 . Previous value of indicated bit, not affected by FPREM 
instruction execution. 


rounding, and infinity control. The precision con- 
trol bits (bits 9-8) can be used to set the 80287 
internal operating precision at less than the 
default of temporary real (80-bit) precision. This 
can be useful in providing compatibility with the 
early generation arithmetic processors of smaller 
precision than the 80287. The rounding control 
bits (bits 11-10) provide for directed rounding and 
true chop as well as the unbiased round to nearest 
even mode specified in the IEEE standard. Control 
over closure of the number space at infinity is also 
provided (either affine closure: ± oo, or projective 
closure: o°, is treated as unsigned, may be 
specified). 
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1 

TAG (7) 

TAG (6) 

TAG (5) 

TAG (4) 

TAG (3) 

TAG (2) 

TAG (1) 

TAG (0) 

1 

NOTE: The index i of tag(i) is not top-relative. A program 
typically uses the “top” field of Status Word to deter- 
mine which tag(i) field refers to logical top of stack. 

TAG VALUES: 

00 = VALID 

01 = ZERO 

10 = INVALID or INFINITY 

11 - EMPTY 



Figure 7. 80287 Tag Word 



MEMORY OFFSET 

15 0 



CONTROL WORD 

+0 


STATUS WORD 

+ 2 


TAG WORD 

+4 


IP OFFSET 

+6 


CS SELECTOR 

+8 


DATA OPERAND OFFSET 

+ 10 


DATA OPERAND SELECTOR 

+ 12 


Figure 8a. Protected Mode 80287 Instruction and Data Pointer Image in Memory 


EXCEPTION HANDLING 

The 80287 detects six different exception conditions 
that can occur during instruction execution. Any or 
all exce ptions will cause the assertion of external 
ERROR signal and ES bit of the Status Word if the 
appropriate exception masks are not set. 

The exceptions that the 80287 detects and the ‘default’ 
procedures that will be carried out if the exception is 
masked, are as follows: 

Invalid Operation: Stack overflow, stack underflow, 
indeterminate form (0/0, oo, -oo, etc) or the use of a 
Non-Number (NAN) as an operand. An exponent value 
of all ones and non-zero significand is reserved to 
identify NANs. If this exception is masked, the 80287 
default response is to generate a specific NAN called 


INDEFINITE, or to propogate already existing NANs 
as the calculation result. 

Overflow: The result is too large in magnitude to 
fit the specified format. The 80287 will generate an 
encoding for infinity if this exception is masked. 

Zero Divisor: The divisor is zero while the divi- 
dend is a non-infinite, non-zero number. Again, the 
80287 will generate an encoding for infinity if this 
exception is masked. 

Underflow: The result is non-zero but too small in 
magnitude to fit in the specified format. If this 
exception is masked the 82087 will denormalize 
(shift right) the fraction until the exponent is in 
range. The process is called gradual underflow. 
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+4 


INSTRUCTION POINTER (15-0) 
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• 
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OPCODE (10-0) 

+8 


DATA POINTER (15-0) 
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Figure 8b. Real Mode 80287 Instruction and Data Pointer Image in Memory 
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1 PC | 
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0 

PM 
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om|zm 

DM 

IM 


^ PRECISION CONTROL 

00 = 24 BITS (SHORT REAL) 

01 = RESERVED 

10 = 53 BITS (LONG REAL) 

11 =64 BITS (TEMP REAL) 


EXCEPTION MASKS (1= EXCEPTION IS MASKED) 

INVALID OPERATION 
DENORMALIZED OPERAND 
ZERO DIVIDE 
OVERFLOW 
UNDERFLOW 
PRECISION 
(RESERVED) 

(RESERVED) 

PRECISION CONTROL 1 
ROUNDING CONTROL (2) 

INFINITY CONTROL (0 = PROJECTIVE, 1 = AFFINE) 
(RESERVED) 


(D 


ROUNDING CONTROL 

00 = ROUND TO NEAREST OR EVEN 

01 = ROUND DOWN (TOWARD -*) 

10 = ROUND UP (TOWARD +*) 

11 = CHOP (TRUNCATE TOWARD ZERO) 


Figure 9. 80287 Control Word 
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Denormalized Operand: At least one of the 

operands is^denormalized; it has the smallest ex- 
ponent but a non-zero significand. Normal pro- 
cessing continues if this exception is masked off. 

Inexact Result: The true result is not exactly repre- 
sentable in the specified format, the result is rounded 
according to the rounding mode, and this flag is set. 
If this exception is masked, processing will simply 
continue. 

If the error is not masked, the corresponding error 
bit and the error stat us bit (E S) in the control word 
will be set, and the ERROR output signal will be 
asserted. If the CPU attempts to execute another 
ESC or WAIT instruction, exception 7 will occur. 

The error condition must be resolved via an inter- 
rupt service routine. The 80287 saves the address 
of the floating point instruction causing the error 
as well as the address of the lowest memory loca- 
tion of any memory operand required by that 
instruction. 


iAPX 86/20 COMPATIBILITY: 

iAPX 286/20 supports portability of iAPX 86/20 
programs when it is in the real address mode. 
However, because of differences in the numeric 
error handing techniques, error handling routines 
may need to be changed. The differences between 
an iAPX 286/20 and iAPX 86/20 are: 

1 . The NPX error signal does not pass through an 
interrupt controller (8087 INT signal does). 


Therefore, any interrupt controller oriented in- 
structions for the iAPX 86/20 may have to be 
deleted. 

2. Interrupt vector 16 must point at the numeric 
error handler routine. 

3. The saved floating point instruction address in 
the 80287 includes any leading prefixes before 
the ESCAPE opcode. The corresponding saved 
address of the 8087 does not include leading 
prefixes. 

4. In protected mode, the format of the saved in- 
struction and operand pointers is different than 
for the 8087. The instruction opcode is not 
saved — it must be read from memory if needed. 

5. Interrupt 7 will occur when executing ESC in- 
structions with eitherTS or EM of MSW=1 . If TS 
of MSW=1 then WAIT will also cause interrupt 
7. An interrupt handler should be added to han- 
dle this situation. 

6. Interrupt 9 will occur if the second or subse- 
quent words of a floating point operand fall 
outside a segment’s size. Interrupt 13 will occur 
if the starting address of a numeric operand 
falls outside a segment’s size. An interrupt 
handler should be added to report these pro- 
gramming errors. 

In the protected mode, iAPX 86/20 application 

code can be directly ported via recompilation if the 

286 memory protection rules are not violated. 
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ABSOLUTE MAXIMUM RATINGS* 

Ambient Temperature Under Bias . . 0°C to 70°C 

Storage Temperature -65°C to +150°C 

Voltage on Any Pin with 

Respect to Ground -1.0 to +7V 

Power Dissipation 3.0 Watt 


*NOTICE: Stresses above those listed under Ab- 
solute Maximum Ratings may cause permanent 
damage to the device. This is a stress rating only 
and functional operation of the device at these or 
any other conditions above those indicated in the 
operational sections of this specification is not 
implied. Exposure to absolute maximum rating 
conditions for extended pehods may affect device 
reliability. 


D.C. CHARACTERISTICS T A = 0°C to 70°C, V cc = 5V, +/-5% 

5 MHz 


Symbol 

Parameter 

-3 Min 

-3 max 

Unit 

Test Conditions 

V|L 

Input LOW Voltage 

-.5 

.8 

V 


V,H 

Input HIGH Voltage 

2.0 

V cc + .5 

V 


V ILC 

Clock Input LOW Voltage 
CKM = 1 : 

CKM = 0: 

-.5 

-.5 

.8 

.6 

V 

V 


o 

X 

> 

Clock Input HIGH Voltage 
CKM = 1 : 

CKM = 0: 

2.0 

3.8 

Vcc+1 

v cc + i 

V 

V 


VOL 

Output LOW Voltage 


.45 

V 

I 0 l = 3.0 mA 

VoH 

Output HIGH Voltage 

2.4 


V 

Iqh = -400 (iA 

rm 

Input Leakage Current 


±10 

/lxA 

> 8 

VI 

z 

> 

VI 

o 

•lo 

Output Leakage Current 


±10 



•cc 

Power Supply Current 


600 

mA 


C|N 

Input Capacitance 


10 

PF 


c 0 

Input/Output Capacitance 
(D0-D15) 


20 

PF 


CdK 

CLK Capacitance 


12 

PF 

i 
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A.C. CHARACTERISTICS (T A = 0°C to 70°C, V cc + 5V =/-5%) 

TIMING REQUIREMENTS 

A.C. timings are referenced to 0.8V and 2.0V points on signals unless otherwise noted. 


5 MHz 8 MHz 


Symbol 

Parameter 

-3 Min 

-3 max 

Min 

max 

Unit 

Test Conditions 

t clcl 

CLK Period 
CKM = 1 : 
CKM = 0: 

200 

62.5 

500 

166 

125 

62.5 

500 

166 

ns 

ns 


B 

CLK LOW Time 
CKM = 1 : 
CKM = 0: 

118 

15 

343 

146 

68 

15 

343 

146 

ns 

ns 

At 0.8V 
At 0.6V 

1"cHCL 

CLK HIGH Time 
CKM = 1 : 
CKM = 0: 


230 

151 

43 

20 


m 

At 2.0V 
At 3.8V 


CLK Rise Time 


10 


10 


1.0V to 3.6V if CKM = 1 

BWBH 

CLK Fall Time 


10 


10 

ns 

3.6V to 1.0V if CKM = 1 

Tdvwh 

Data Setup to NPWR Inactive 

75 


75 




^WHDX 

Data Hold from NPWft Inactive 

30 


15 


: 


^WLWH- 

Trlrh 

NPWR, NPRD Active Time 

95 




HB 

At 0.8V 

Tavrl. 

Tavwl 

Command Valid to NPWR or 
NPRD Active 



1 




m 

Minimum Delay from PEREQ 
Active to NPRD Active 

130 


m 


ns 


KBi 

PEACK Active Time 

85 


85 


ns 

At 0.8V 

t khkl 

PEACK Inactive Time 

250 


250 



At 2.0V 

t khch 

PEACK Inactive to NPWR, NpRD 
Inactive 

50 


40 


■ 


t chkl 

NPWR, NPRD Inactive to PEACK 
Active 

-30 


-30 


ns 


"I’WHAX- 

"Irhax 

Command Hold from NPWR, 
NPRD Inactive 

30 


30 


ns 



PEACK Active Setup to NPWR, 
NPRD Active 

50 


Hi 


ns 


ESS 

CLK286 Period 

62.5 




ns 


T 2CLCH 

CLK286 LOW Time 

15 


15 


ns 

At 0.8V 

T 2CHCL 

CLK286 HIQH Time 

20 


20 



At 2.0V 

T 2SVCL 

50, 5T Setup Time to CLK286 

22 


22 


ns 


EH 

50, 5T Hold Time from CLK286 

0 


0 


ns 
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AC. CHARACTERISTICS, continued 
TIMING REQUIREMENTS 


5 MHz 8 MHz 


Sym 

Parameter 

-3 Min 

-3 Max 

Min 

Max 

m 

Test Conditions 

t civcl 

COD/INTTk Setup Time to CLK286 

0 


0 


ns 


t clcih 

COD/iNTA Hold Time from CLK286 

0 


0 


ns 


t rvcl 

READY Setup Time to CLK286 

38.5 


38.5 


ns 


t clrh 

READY Hold Time from CLK286 

25 


25 


ns 


t hvcl 

HLDA Setup Time to CLK286 

0 


0 


ns 


Tclhh 

HLDA Hold Time from CLK286 

0 


0 


ns 


T,vcl 

NPWR, NPRD to CLK Setup Time 

70 


70 


ns 

NOTE 1 

Tclih 

NPWR, NPRD from CLK Hold Time 

45 


45 


ns 

NOTE 1 

Trscl 

RESET to CLK Setup Time 

. 20 


20 


ns 

NOTE 1 

t clrs 

RESET from CLK Hold Time 

20 


20 


ns 

NOTE 1 


AC. CHARACTERISTICS, 
TIMING RESPONSES 


5 MHz 8 MHz 


Sym 

Parameter 

-3 Min 

-3 Max 

Min 

Max 

Unit 

Test Condition 

t rhqz 

NPRD Inactive to Data Float 


37.5 


35 

ns 

NOTE 2 

t rlqv 

NPRD Active to Data Valid 


60 


60 

ns 

NOTE 3 

T.lbh 

ERROR Active to BUSY Inactive 

100 


100 


ns 

NOTE 4 

Twlbv 

NPWR Active to BUSY Active 


100 


100 

ns 

NOTE 5 

Tklml 

PEACK Active to PEREQ Inactive 


127 


127 

ns 

NOTE 6 

t cmdi 

Command Inactive Time 








Write-to-Write 

95 


95 


ns 

At 2.0V 


Read-to-Read 

250 


325 


ns 

At 2.0V 


Write-to-Read 

105 


95 


ns 

At 2.0V 

- 

Read-to-Write 

95 


95 


ns 

At 2.0V 

Trhqh 

Data Hold from NPRD Inactive 

5 


5 


ns 

NOTE 7 


NOTES: 

1. This is an asynchronous input. This specification is given for testing purposes only, to assure 
recognition at a specific CLK edge. 

2. Float condition occurs when output current is less than l L0 on D0-D15. 

3. D0-D15 loading: CL = lOOpF 

4. BUSY loading: CL = lOOpF 

5. BUSY loading: CL = lOOpF 

6. On last data transfer of numeric instruction. 

4. D0-D15 loading: CL = lOOpF 
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NOTE 8: AC Drive and Measurement Points — CLK Input 



NOTE 9: AC Setup, Hold and Delay Time Measurement — General 



NOTE 10: AC Test Loading on Outputs 
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WAVEFORMS (cont.) 


DATA TRANSFER TIMING (INITIATED BY 80286) 


CMDO CMD1 
NP5T,NPS2 


— TRHQZ- 
-TRHQH — i 


DATA OUT 
VALID 


DATA 

TRANSFER 

FROM 

80287 


, TDVWH TWHDX 


D 0 -D 15 DATA MAY CHANGE 


DATA MAY CH 



DATA 

TRANSFER 

TO 

80287 


DATA CHANNELTIMING (INITIATED BY 80287) 


CMD0, CMD1 

FIP3l,NPS2 




PEACK ^ 

r i 

i J 


\ 


◄ TKLKH = ► 

* 






4-72 


210920-003 













80287 




NOTES: 

1. This input transition occurs before Ts- 

2. This input transition occurs after Tr. 
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Table 6. 80287 Extensions to the 80286 Instruction Set 




Optional 

Clock Count Range 




8,16 Bit 

32 Bit 

32 Bit 

64 Bit 

16 Bit 

Data Transfer 


Displacement 

Real 

Integer 

Real 

Integer 

/ 

FLD - LOAD 

MF 

00 

oil 

10 

11 


Integer/Real Memory to ST(0) 

Long Integer Memory to ST(0) 

Temporary Real Memory to 
ST(0) 

BCD Memory to ST(0) 

ST(i) to ST(0) 

FST = STORE 

ST(0) to Integer/Real Memory 
ST(0) to ST(i) 

FSTP = STORE AND POP 
ST(0) to Integer/Real Memory 

ST(0) to Long Integer Memory 

ST(0) to Temporary Real 
Memory 

ST(0) to BCD Memory 
ST(0) to ST(i) 

FXCH = Exchange ST(i) and 
ST(0) 

Comparison 

FCOM = Compare 
Integer/Real Memory to ST(0) 

ST(i) to ST (0) 

FCOMP = Compare and Pop 

Integer/Real Memory to ST(0) 
ST(i) to ST(0) 

FCOMPP - Compare ST(1) to 
ST(0) and Pop Twice 

FTST = Test ST(0) 

FXAM = Examine ST(0) 

Mnemonics © Intel 1982 


ESCAPE MF 1 [ MOD 0 0 0 R/M 

DISP | 


[ESCAPE 1 1 1 I MOD 1 0 1 R/M 

DISP ; 


| ESCAPE 0 1 1 | MOD 1 0 1 R/M 

DISP | 


ESCAPE 1 1 1 

MOD 1 0 0 R/M 

DISP 1 


ESCAPE 0 0 1 1 1 0 0 0 ST(i) 


ESCAPE MF 1 MOD 0 1 0 R/M 


DISP 


ESCAPE 1 0 1 


110 10 ST(i) 


ESCAPE MF 1 

MOD 0 1 1 R/M 

disp ; 



ESCAPE 1 1 .1 

MOD 1 1 1 R/M 

DISP | 


ESCAPE 0 1 1 

MOD 1 1 1 R/M 

DISP 


ESCAPE 1 1 1 

MOD 1 1 0 R/M 

DISP 1 


ESCAPE 1 0 1 

110 11 ST(i) 


ESCAPE 0 0 1 

110 0 1 ST(i) 


ESCAPE MF 0 


MOD 0 1 0 R/M 


ESCAPE 0 0 0 1 1 0 1 0 ST(i) 


ESCAPE 

MF 


MOD 0 

1 R/M 

DISP 

| ESCAPE 

0 0 

n 

110 1 

1 ST(i) | 



ESCAPE 11011 011001 


ESCAPE 0 0 1 


11 10 0 10 0 


ESCAPE 00111 100101 


38-56 52-60 40-60 46-54 

60-68 
53-65 
290-310 
17-22 

84-90 82-92 96-104 80-90 

15-22 


8-106 82-92 


-92 84-94 

94-105 
52-58 
520-540 
17-24 

10-15 


60-70 78-91 65-75 72-86 

40-50 


63-73 80-93 67-77 74-88 

45-52 

45-55 

38-48 

12-23 
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Table 6. 80287 Extensions to the 80286 Instruction Set (cont.) 




Optional 

Clock Count Range 




8,16 Bit 

32 Bit 

32 Bit 

64 Bit 

16 Bit 

Constants 


Displacement 

Real 

Integer 

Real 

Integer 


MF 

00 

01 

10 

11 


FLDZ = LOAD + 00 into ST(0) ESCAPE 00111 101110 


FLD1 - LOAD + 1 0 into ST(0) | ESCAPE 0 0 1 | 1 1 10 10 0 0 
FLDPI = LOAD t r into ST(0) I ESCAPE 0 0 1 


11 10 10 11 


ESCAPE 0 0 1 


ESCAPE 0 0 1 


ST (i) and ST(0) 

FMUL = Multiplication 
Integer/Real Memory with ST(0) 

ST(i) and ST(0) 

FDIV = Division 

Integer/Real Memory with ST(0) 
ST(i) and ST(0) 


ESCAPE MF 0 


MOD 1 1 R R/M 


ESCAPE d P 0 1 1 1 1 R R/M 


FPREM = Partial Remainder of 
ST(0) — ST(1 ) 


Integer 


ESCAPE 00111 101010 


11 10 110 0 


11 10 110 1 


FLDL2T = LOAD log 2 10 into ESCAPE 00111 101001 

ST(0) 

FLDL2E = LOAD log 2 e into 
ST(0) 

FLDLG2 = LOAD log i0 2 into 
ST(0) 

FLDLN2 = LOAD log e 2 into 
ST(0) 

Arithmetic 

FADD = Audition 
Integer/Real Memory with ST(0) 

ST(i) and ST(0) 

FSUB = Subtraction 


ESCAPE MF 0 

MOD 0 0 0 R/M 


| ESCAPE d P 0 i 

| 1 1 0 0 0 ST(i) | 

* 

| ESCAPE MF 0 

| MOD 1 0 R R/M ] 


ESCAPE d P 0 

1 1 1 0 R R/M 


DISP 


DISP 


ESCAPE MF 0 

MOD 0 0 1 R/M 


ESCAPE d P 0 

1 1 0 0 1 R/M | 


DISP 


FSQRT = Square Root of ST(0) | ESCAPE 0 0 1 | 1 1 111010 

FSCALE = Scale ST(0) by ST(1) 


| ESCAPE 0 0 1 

11 11110 1 


| ESCAPE 001 

| 1 1 1 1 1 0 0 0 [ 


| ESCAPE 0 0 1 

| 1 1 1 1 1 1 0 0 | 


11-17 

15- 21 

16- 22 
16-22 
15-21 

18-24 

17-23 


90-120 108-143 95-125 102-137 

70-100 (Note 1) 

90-120 108-143 95-125 102-137 

70-100 (Note 1) 

110-125 130-144 112-168 124-138 
90-145 (Note 1) 

215-225 230-243 220-230 224-238 
193-203 (Note 1) 

180-186 

32-38 

15-190 


NOTE: 

1. If P=1 then add 5 clocks. 
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Table 6. 80287 Extensions to the 80286 Instruction Set (cont.) 


Optional 
8,16 Bit 
Displacement 


Clock Count Range 


EXTRACT = Extract 
Components of St(0) 


ESCAPE 00111 110100 


FABS - Absolute Value of ESCAPE 0011 1 100001 

ST(0) 1 1 — 

FCHS = Change Sign of ST(0) I ESCAPE 0 0 1 I 1 1 1 0 0 0 0 0 


Transcendental 

FPTAN = Partial Tangent of 
ST(0) 


ESCAPE 00111 110010 


FPATAN = Partial Arctangent 
of ST(0) -ST(1) 


ESCAPE 00111 110011 


ESCAPE 00111 110000 


FYL2X = ST(1)« Log 2 
[ ST (0)] 


FYL2XP1 - ST(1) • Log 2 
IST(0) +1] 


Processor Control 

FINIT - Initialize NPX 


ESCAPE 00111 110001 


ESCAPE 00111 111001 


ESCAPE 01111 100011 


FSETPM = Enter Protected 
Mode 

FSTSW AX = Store Control 
Word 


ESCAPE 01111 100100 


ESCAPE 11111 100000 


FLDCW = Load Control Word ESCAPE 0 0 1 MOD 1 0 1 R/M 


FSTCW = Store Control Word ESCAPE 0 0 1 MOD 1 1 1 R/M 


FSTSW - Store Status Word 


ESCAPE 10 1 MOD 1 1 1 R/M 


FCLEX = Clear Exceptions 


ESCAPE 01111 100010 


FSTENV = Store Environment ESCAPE 0 0 1 MOD 1 1 0 R/M 


FLDENV - Load Environment ESCAPE 0 0 1 MOD 1 0 0 R/M 


FSAVE = Save State 


FRSTOR = Restore State 


ESCAPE 10 1 MOD 1 1 0 R/M 


ESCAPE 10 1 MOD 1 0 0 R/M 


FINCSTP = Increment Stack 
Pointer 


ESCAPE 00111 110111 


FDECSTP = Decrement Stack 
Pointer 


ESCAPE 00111 110110 


4-77 


210920-003 





Table 6. 80287 Extensions to the 80286 Instruction Set (cont.) 



NOTES: 

1. if mod=00 then DISP=0*, disp-low and disp-high are absent 

if mod=01 then DISP=disp-low sign-extended to 16-bits, disp-high is absent 
if mod=10 then DISP=disp-high; disp-low 
if mod = 11 then r/m is treated as an ST(i) field 

2. if r/m =000 then EA=(BX) + (S!) + DISP 
if r/m =001 then EA=(BX) + (Dl) +DISP 
if r/m =010 then EA=(BP) + (SI) +DISP 
if r/m =011 then EA=(BP) + (Dl) +DISP 
if r/m = 100 then EA=(SI) + DISP 

if r/m = 101 then EA=(DI) + DISP 
if r/m = 110 then EA=(BP) + DISP 
if r/m = 111 then EA=(BX) + DISP 

‘except if mod=000 and r/m=110 then EA =disp-high; disp-low. 

3. MF= Memory Format 

00 — 32-bit Real 

01— 32-bit integer 

10— 64-bit Real 

11 — 16-bit Integer 

4. ST(0)= Current stack top 

ST(i) i th register below stack top 

5. d= Destination 

0 — Destination is ST(0) 

1 — Destination is ST(i) 

6. P= Pop 

0 — No pop 

1— Pop ST(0) 

7. R= Reverse: When d^1 reverse the sense of R 

r 0 — Destination (op) Source 
1 — Source (op) Destination 

8. For FSQRT: -0 ST(0) < +oo 

For FSCALE: -2 15 s ST(1) < +2 15 and ST(1) integer 

For F2XM1 : 0 « ST(0) « 2 _1 

For FYL2X: 0 < ST(0) <oo 

-00 < ST(1) < + 00 

For FYL2XP1 : 0 ^ IST(0)l < (2 - V2)/2 

-00 < ST(1) < 00 
For FPTAN: 0 ^ ST(0) *stt/4 

For FPATAN: 0 ^ ST(0) < ST(1) < +oo 

9. ESCAPE bit pattern is 1 1 01 1 . 
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82258 OVERVIEW 


INTRODUCTION 

As the processing of microprocessor based systems grows, 
it is increasingly necessary to have support components 
which relieve the processor from jobs like data movement, 
peripheral control, etc., and leave it to do what it can do 
best— data processing. Among the support components 
necessary is a DMA (Direct Memory Access) controller. 
A DMA controller must match the performance and archi- 
tectural needs of the processor it supports to optimize the 
performance. 

The 82258 is a 16-bit DMA controller designed primarily 
to meet the needs of systems based on the 80286 and 80186 
processors. The 80286 is the fastest 16-bit processor avail- 
able commercially with more than five times the through- 
put of the standard 8086. The 80186, on the other hand, 
integrates the functions of a CPU board (CPU, Clock, 
DMA, Interrupt Control, Timer Counter, Chip Select) on 
one chip, replacing 15-20 IC’s. The 82258 is designed to 
support this level of performance and integration by offer- 
ing features generally found only in mainframe computer 
systems. 

FEATURES 

• 8 MBytes/ second transfer rate in 8 MHz iAPX 286 
Systems 

• 4 independent channels — each channel having its 
own set of registers and control lines 

• Multiplexor channel operation for up to 32 I/O 
subchannels 

• 16 MByte physical addressing range 

• Block size (byte count) up to 16 MBytes 

• Command chaining 

• Data chaining 

• Adaptive bus interface for 

— 80286 
— 80186 
— 80188 
— 8086 

— 8088 processors 


• Automatic assembly-disassembly for dissimilar bus 
widths 

• “On the fly” compare, verify and translate operations 
during DMA 

• Single and double bus cycle transfers 

• Local (with CPU) and remote (stand-alone) modes 
of operation 

FLEXIBLE BUS INTERFACE 

Although the 82258 is primarily designed for the 80286, 
it fits equally well in 8086, 8088, 80188, and 80186 based 
systems. This is possible because of its adaptive bus inter- 
face. The logic level on a specific pin on RESET configures 
the bus interface of the 82258 for the 80286 (demultiplexed) 
bus, or for the 80186 or minimum mode 8086 (multi- 
plexed) bus, with all the necessary signals and timing. In 
the 8086 mode, the 82258 can have RQ/ GT signals for the 
maximum mode 8086 or 8088. This adaptive bus interface 
makes it very easy to use the 82258 in different processor 
systems. It is possible to select 8- or 16-bit wide bus 
operations by software. Figure 1 shows the pin configu- 
ration of the 82258 in the 286 and 186 modes. 

The high performance (8 MB/sec) pipelined bus of the 286 
allows the 82258 to provide maximum performance. This 
bus enables the 80286 and the 82258 to read or write a word 
(16 bits) in 250 ns, when operating at 8 MHz. Therefore, 
in the 286 mode, the 82258 can achieve data transfer rates 
of 8 MBytes/ second. In the 186 and 8086 mode, the data 
transfer rate is 4 MBytes/ second, since each bus cycle is 4 
clocks or 500 ns at 8 MHz. 

The 82258 has four (4) independent channels. Each chan- 
nel has three (3) dedicated pins: DREQ (DMA request), 
DACK (DMA acknowledge) and EOD (End of DMA). See 
Figure 2. A peripheral generates request for DMA over the 
DREQ line. DACK is sent by the 82258 to the peripheral, 
indicating that a data transfer operation can begin. EOD 
is used by the 82258 to generate an interrupt on the com- 
pletion of a DMA operation. The EOD line can also be 
used by a peripheral to terminate the DMA. 
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82258 OVERVIEW 


MULTIPLEXOR CHANNEL 

For supporting a large number of relatively slow equip- 
ment (e.g. 9600 baud) like CRT terminals and line printers 
etc., channel 3 of the 82258 can be programmed to be a 
multiplexor channel. In this mode channel 3 can service 
up to 32 subchannel request lines. The multiplexor net- 
work is implemented using 8259A interrupt controllers. 
The multiplexor channel has two modes of operation: 

a) Byte or Word Multiplex Operation: In this case the 
channel is enabled for another device after each byte or 
word transfer. The maximum cumulative data rate for 
multiplexor channel in this mode is approximately 275 K 
byte per second. 


b) Block Multiplex Operation: Here the channel is 
enabled for another device only after transfer of complete 
data block. The actual block transfer is carried out at a 
rate of 4M Byte/ sec (maximum). 

Each individual device can be programmed into its own 
operating mode so various combinations of byte) word 
and block multiplex are possible. Each device on the 
multiplexor channel has its own program. Command 
chaining is supported on the multiplexor channel. Single 
cycle transfers are not allowed on the multiplexor 
channel. 



Figure 3. Multiplexor Channel Configuration 
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TRANSFER IN 1 OR 2 BUS CYCLES 

The 82258 is capable of doing single cycle and two cycle 
data transfers. See Figure 4. In a single cycle transfer, the 
data is transferred between a peripheral and memory (in 
either direction) in a single bus cycle. Single cycle transfers 
provide the maximum DMA throughput. In a two cycle 
operation, the data is read by the 82258 using a normal bus 
operation before sending it out to the destination using a 
normal bus operation. 

The 82258 can do “on the fly” operations like translate and 
compare during a two cycle transfer. The data being trans- 
ferred can be compared with a given pattern (mask-compare) 
and the DMA transfer can be optionally stopped on encoun- 
tering that pattern. The 82258 supports this mask-compare 
operation on 8- and 16-bit patterns. The data can also be 
translated on the fly before sending it to the destination. 
Data can be transferred from one memory region to another 
in a two cycle transfer mode— this is not possible with single 
cycle transfer. Another feature of two cycle transfer is 
automatic assembly/ disassembly of data. This means that 
data can be read as one word (16 bits) and written as 


two bytes or vice versa. Automatic assembly /disassembly 
is very often desirable when using 8-bit wide peripherals 
in a 16-bit system. When writing data to the 8-bit periph- 
eral from memory, data could be fetched as a 16-bit word 
and written out as two 8-bit bytes. The reverse is true for 
reading data out of an 8-bit peripheral. This feature saves 
time and reduces the number of bus cycles to transfer a 
given block of data. 

FAST CHANNEL SWITCHING 

For high speed DMA controllers with multiple channels, 
it is very important to minimize overhead for switching from 
one channel to another. The 82258 imposes no performance 
penalty for switching channels. Therefore, the maximum 
cumulative transfer rate of an 82258 is 8 MBytes/ second 
even if multiple channels are used. The priority of dif- 
ferent channels can be programmed to be fixed or 
rotating. It is also possible to have a combination of the 
two, i.e., channels 0 and 1, having higher priority than 
channels 2 and 3, and rotating priority within each pair. 
The channel with the highest priority gets processed first 
when multiple channels have to be serviced at the same 
time. 




ADVANTAGE: 

*“ON THE FLY” 

• MASK/COMPARE 

• TRANSLATE 

• VERIFY 
*MEM. TO MEM. 

TRANSFERS 
'DISSIMILAR BUS 
WIDTH SUPPORT 


Figure 4. Single/double cycle transfer 
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16 MBYTE ADDRESSING 

Being the DMA controller for the 80286, the 82258 sup- 
ports an address range of 16 MBytes in memory and I/O 
space. Thus, the source and destination pointers for a 
DMA are each twenty-four bits long. The 82258 can 
transfer data blocks as big as 16 MBytes. That is, the byte 
count for the transfer is also twenty-four bits long. 

Figure 5 shows the user visible registers of the 82258. A set 
of five registers, called the General Registers, is used for 
all four channels. There is a set of channel registers for 
each of the four channels. The mode register is written 
first after reset and describes the 82258 environment — bus 
widths, priorities, etc. The General Command Register 
(GCR) is used to start and stop the DMA transfer on dif- 
ferent channels. The General Status Register (GSR) 
shows the status of all four channels: i.e., if the channel is 
running, if an interrupt is pending, etc. The General Burst 
Register (GBR) and the General Delay Register (GDR) 


are used to specify the bus load which is permissible for 
the 82258. 

MEMORY BASED COMMANDS 

The 82258 and the CPU communicate via memory based 
commands. All relevant data (parameters) for DMA 
transfer is written by the CPU in a “command block” in 
memory which is accessible to the CPU and the 82258. See 
Figure 6. the command pointer on the 82258 is loaded 
with the based address of the command block by the CPU. 
After getting a start channel command from the CPU, the 
82258 loads the contents of the command block into its 
registers and starts the DMA. After completing operation 
on a command block, the 82258 writes back the channel 
status in the command block in memory. Optionally, 
source pointer, destination pointer and byte counter 
register may also be written out to the command block. 
Although all channel registers are user accessible, they 
need to be directly accessed only for diagnostic purposes. 



15 

0 


GCR 

COMMAND 



GSR 

STATUS 



GMR 

MODE 




GBR 

BURST 



- 

GDR 

DELAY 


GENERAL REGISTERS 

7 0 

CHANNEL REGISTERS (4 SETS: 1 PER CHANNEL) 

23 


0 

CPR 

COMMAND POINTER 


SPR 

SOURCE POINTER 


DPR 

DESTINTATION POINTER 


TTPR 

TRANSLATE TABLE POINTER 


LPR 

LIST POINTER * 


BCR 

BYTE COUNT 


CCR 

CHANNEL COMMAND 



MASKR 

MASK 



COMPR 

COMPARE 



DAR 

ASSEMBLY 



15 CSR 

CHANNEL STATUS 





7 0 


Figure 5. 82258 Register Set 
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Figure 6. Command Block 


COMMAND CHAINING 

It is possible to have command blocks in a chain as shown 
in Figure 7. After completing one block, the 82258 starts 
processing the next block automatically, This is called 
command chaining. It is therefore possible to execute a 
sequence of different types of DMAs without CPU inter- 
vention. Besides standard DMA command blocks, there 
are special command blocks which execute unconditional 
and conditional branching (depending on the type of 
DMA termination), and (un) conditional stop. Condi- 
tional command chaining offers tremendous flexibility 
since it is possible to do conditional DMA processing 
with a degree of flexibility previously found only in 
microprocessors. 

The shortest and simplest DMA implementation consists 
of a normal command block followed by a “STOP” com- 
mand block. A simple auto-reload DMA can be imple- 
mented with a DMA command block followed by a JUMP 
to top command block. More complex structures are also 
easily implemented. See Figure 8. 



Figure 7. Command Chaining 
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DATA CHAINING 

Very often it is necessary tp collect data from different 
data blocks and send it out to a peripheral. This can be 
done very efficiently by data chaining. Figure 9 shows an 
example of data chaining. Each block on the right consists 
of byte count, data pointer and link pointer. As soon as 
the data from block 1 has been sent out to the destination, 
the next data block is located through the link pointer and 
is sent out. This process continues until a zero is encoun- 
tered in the byte count field. The big advantage here is that 
the data blocks can be included, removed, or their 
sequence altered dynamically, allowing the CPU to 
manipulate the link pointers. Data chaining can be used 
for serial data communications controllers where differ- 
ent blocks represenLdifferent types of information (e.g., 
header, address, tail, etc.). Such linking of data blocks can 
also be implemented using command chaining. Using 


command blocks for data chaining is comparatively 
slower because the whole command block must be loaded 
before the DMA can start. 

Another form of data chaining called list chaining (as 
opposed to “linked list” data chainin described above) is 
still faster. It is illustrated in Figure 10. In this case, there 
is only one list containing details on all the data blocks to 
be chained. The latency of going from one data block to 
the next is of the order of 1 microsecond. List chaining is 
preferred to linked list chaining when speed of going to the 
next block is of prime importance. Linked list chaining offers 
greater flexibility, however. 

Data chaining enables “gathering” of data from various data 
blocks to one destination and “scattering” of data from one 
source to several data blocks. 
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Figure 9. Data Chaining (Linked List) 




Figure 10. Data Chaining (List Chaining) 
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VERIFY 

Verification of data read from the peripheral is also an often 
required function. It is like a block-compare operation. See 
Figure 11. A byte (or word) read from peripheral and a 
memory block are compared. The transfer can be halted 
if a mismatch occurs. It is very useful to compare the data 
on a disk sector with a memory block. 

The “verify and save” mode of the S2258 also supports a 
simultaneous data transfer (in single cycle mode) followed 
by a verify. Here the byte (or word) being transferred is 
read by the 82258, saved in memory, and then compared 
with another byte/word fetched from memory. 

CHANNEL COMMANDS 

The channel commands are contained in the channel com- 
mand block (Figure 5). Up to 22 bits are used to specify 
the command. There are two types of channel commands: 

• Type 1: for data movement 

• Type 2: for command chaining control 

Type 1 command bits contain information on: 

a. Source and destination bus width 

b. If source and/or destination address should be incre- 
mented or decremented or kept constant during the 
transfer 

c. If source/destination is in memory or I/O space 

d. If data chaining (list or linked list) is to be performed 

e. If the data transfer is synchronized (source or 
destination) 

f. If an “on the fly” match operation and /or translate 
operation has to be performed 

g. If a verify operation has to be performed 

For certain type 1 transfers which, for example, do not use 
“on the fly” match, translate or verify feature, the com- 
mand is only 16 bits long and only a short command block 
is necessary (Figure 6). 

Type 2 command blocks are 6 bytes long of which the first 
2 bytes form the command and the rest is either a relative 
displacement or an absolute address for the JUMP opera- 
tion. There are two basic type 2 commands: 

1. JUMP— conditional and non-conditional 

2. STOP— conditional and non-conditional 


The conditional case tests for either of the four condition 
bits which are altered at the termination of any DMA 
operation: 

• Termination due to byte count being zero 

• Termination due to mask-compare 

• Termination due to external terminate 

• Verify operation resulting in mismatch 

It is thus possible to JUMP or STOP further execution of 
commands based on any of these conditions and option- 
ally generate EOD or an interrupt signal. 

A combination of type 1 and 2 commands gives the 82258 
a high degree of “programmability”. It can thus execute quite 
complex algorithms with a fairly low demand for CPU 
service. 


82258—80286 SYSTEM 

Figure 12 shows the 82258 in an 80286 system. As 
described earlier, it is tailored to fit not only in an 80286 
system but also in 8086, 8088, 80186, and 80188 systems. 
The 80286 can synchronously access the DMA controller 
through status lines. The 82258 and 80286 share the same 
local bus and support components, 82284, 82288, 82289, 
and 8287 and 8283. The bus arbitration between the 82258 
and 80286 is done through HOLD and HOLDA lines. 
The protocol ensures that only one of them possesses the 
bus at any time. 


REMOTE MODE 

To achieve a yet higher throughput it is imperative that both 
the processor and the DMA controller possess a private bus. 
This is called the remote mode of operation for the 82258 
and is illustrated in Figure 13. When operating in the 
remote mode, the 82258 can work in parallel with the 
main processor (which may also possess its own private 
bus) accessing resources on the resident bus most of the 
time. Only for communication with the processor does the 
82258 have to access the system bus. The registers of the 
82258 are always accessible to the processor over the 
system bus. In addition to achieving a higher throughput 
due to parallel processing, remote mode is also preferred 
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• VERIFY 



• VERIFY AND SAVE 



Figure 11. Verify Operation 


for good system partitioning. For example, subsystem 
dealing with winchester and floppy disk could be put 
separately on a board with the 82258, sufficient resident 
memory, and the necessary controllers. 


PROTECTION ISSUE 

The 80286 is a processor with memory management and 
protection functions on-chip. The 82258 does not directly 
support the protected virtual addressing mechanism of the 
80286. This does not hurt the protection, since the 80286 
has to program the ADMA with real (physical) addresses 
for source, destination and other pointers. These' real 


addresses are, as such, generated through the protection 
mechanism of the 80286 and are hence checked against pro- 
tection violation. Normally, an I/O utility routine is pro- 
vided by the Operating System to service the 82258. No 
direct user access should be allowed to the 82258 from lower 
privilege levels. The OS utility converts the virtual addresses 
to real addresses when programming the 82258. 


IMPLEMENTATION 

The 82258 will be implemented in Intel’s HMOS II 
process technology and packaged in a 68-pin JEDEC 
type A leadless chip carrier. 
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Figure 12. 82258 in 80286 System 
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82284 

CLOCK GENERATOR AND READY INTERFACE 
FOR iAPX 286 PROCESSORS 

( 82284 , 82284 - 6 ) 

■ Generates System Clock for iAPX 286 
Processors 

■ Uses Crystal or TTL Signal for Frequency 
Source 

■ Provides Local READY and Multibus* 

READY Synchronization 


The 82284 is a clock generator/driver which provides clock signals for iAPX 286 processors and support compo- 
nents. It also contains logic to supply READY to the CPU from either asynchronous or synchronous sources and 
synchronous RESET from an asynchronous input with hysteresis. 


■ 18-pin Package 

■ Single +5V Power Supply 

■ Generates System Reset Output from 
Schmitt Trigger Input 

■ Available in EXPRESS 

- Standard Temperature Range 

- Extended Temperature Range 




ARDY [ 
SRDY [ 
SRDYEN [ 
READY [ 
EFI [ 
F/C [ 
X,[ 
x 2 [ 


1 

18 

□ V cc 

2 

17 

□ ARDYEN 

3 

16 

□ si 

4 

15 

□ so 

5 

82284 14 

□ N.C. 

6 

. 13 

□ pclk 

7 

12 

□ RESET 

8 

11 

□ RES 

9 

10 

□ CLK 


Figure 1. 82284 Block Diagram 


Figure 2. 

82284 Pin Configuration 


* Multibus is a patented bus of Intel 
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Table 1 . Pin Description 


The following pin function descriptions are for the 82284 clock generator. 


Symbol 

Type 

Name and Function 

CLK 

0 

System Clock is the signal used by the processor and support devices which must be synchro- 
nous with the processor. The frequency of the CLK output has twice the desired internal pro- 
cessor clock frequency. CLK can drive both TTL and MOS level inputs. 

F/C 

1 

Frequency/Crystal Select is a strapping option to select the source for the CLK output. When 
F/C is strapped LOW, the internal crystal oscillator drives CLK. When F/C is strapped HIGH, 
the EFI input drives the CLK output. 

XI, X2 

1 

Crystal In are the pins to which a parallel resonant fundamental mode crystal is attached for 
the internal oscillator. When F/C is LOW, the internal oscillator will drive the CLK output at the 
crystal frequency. The crystal frequency must be twice the desired internal processor clock 
frequency. 

EFI 

1 

External Frequency In drives CLK when the F/C input is strapped HIGH. The EFI input fre- 
quency must be twice the desired internal processor clock frequency. 

PCLK 

0 

Peripheral Clock is an output which provides a 50% duty cycle clock with 1/2 the frequency of 
CLK. PLCK will be in phase with the internal processor clock following the first bus cycle after 
the processor has been reset. 

ARDYEN 

1 

Asynchronous Ready Enable is an active LOW input which qualifies the ARDY input. 
ARDYEN selects ARDY as the source of ready for the current bus cycle. Inputs to ARDYEN 
may be applied asynchronously to CLK. Setup and hold times are given to assure a guaranteed 
response to synchronous inputs. 

ARDY 

1 

Asynchronous Ready is an active LOW input used to terminate the current bus cycle. The 
ARDY input is qualified by ARDYEN. Inputs to ARDY may be applied asynchronously to CLK. 
Setup and hold times are given to assure aguaranteed response to synchronous inputs. 

SRDYEN 

1 

Synchronous Ready Enable is an active LOW input which qualifies SRDY. SRDYEN selects 
SRDY as the source for READY to the CPU for the current bus cycle. Setup and hold times 
must be satisfied for proper operation. 

SRDY 

1 

Synchronous Ready is an active LOW input used to terminate the current bus cycle. The SRDY 
input is qualified by the SRDYEN input. Setup and hold times must be satisfied for proper oper- 
ation. 

READY 

0 

Ready is an active LOW output which signals the current bus cycle is to be completed. The 
SRDY, SRDYEN, ARDY, ARDYEN, SI , SO and RES inputs control READY as explained later in 
the READY generator section. READY is an open collector output requiring an external 300 
ohm pullup resistor. 

SO, ST 

1 

Status inputs prepare the 82284 for a subsequent bus cycle. SO and ST synchronize PCLK to 
the internal processor clock and control READY. These inputs have pullup resistors to keep 
them HIGH if nothing is driving them. Setup and hold times must be satisfied for proper oper- 
ation. 

RESET 

0 

Reset is an active HIGH output which is derived from the RES input. RESET is used to force the 
system into an initial state. When RESET is active, READY will be active (LOW). 

RES 

1 

Reset In is an active LOW input which generates the system reset signal RESET. Signals to 
RES may be applied asynchronously to CLK. A Schmitt trigger input is provided on RES, so 
that an RC circuit can be used to provide a time delay. Setup and hold times are given to assure 
a guaranteed response to synchronous inputs. 

V cc 


System Power: +5V power supply 

GND 


System Ground: 0 volts 


FUNCTIONAL DESCRIPTION 
Introduction 

The 82284 generates the clock, ready, and reset sig- 
nals required for iAPX 286 processors and support 
components. The 82284 is packaged in an 18-pin DIP 
and contains a crystal controlled oscillator, MOS 
clock generator, peripheral clock generator, Multibus 


ready synchronization logic and system reset genera- 
tion logic. 

Clock Generator „ 

The CLK output provides the basic timing control for 
an iAPX 286 system. CLK has output characteristics 
sufficient to drive MOS devices. CLK is generated by 
either an internal crystal oscillator or an external 
source as selected by the F/C strapping option. When 
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F 1C is LOW, the crystal oscillator drives the CLK out- 
put. When F/U is HIGH, the EFI input drives the CLK 
output. 

The 82284 provides a second clock output (PCLK) for 
peripheral devices. PCLK is^ CLK divided by two. 
PCLK has a duty cycle of 50% and TTL output drive 
characteristics. PCLK is normally synchronized to the 
internal processor clock. 

After reset, the PCLK signal may be out ofphase with 
the internal processor clock. The ST and SU signals of 
the first bus cycle are used to synchronize PCLK to 
the internal processor clock. The phase of the PCLK 
output changes by extending its HIGH time beyond 
one system clock (see waveforms). PCLK is forced 
HIGH whenever either SO or ST were active (LOW) for 
the two previous CLK cycles. PCLK continues to os- 
cillate when both SO and SI are HIGH. 

Since the phase of the internal processor clock will 
not change except during reset, the phase of PCLK 
will not change except during the first bus cycle after 
reset. 

Oscillator 

The oscillator circuit of the 82284 is a linear Pierce os- 
cillator which requires an external parallel resonant, 
fundamental mode, crystal. The output of the oscilla- 
tor is internally buffered. The crystal frequency cho- 
sen should be twice the required internal processor 
clock frequency. The crystal should have a typical 
load capacitance of 32 pF. 

XI and X2 are the oscillator crystal connections. For 
stable operation of the oscillator, two loading capacitors 
are recommended, as shown in Table 2. The sum of 
the board capacitance and loading capacitance should 
equal the values shown. It is advisable to limit stray 
board capacitances (not including the effect of the 
loading capacitors or crystal capacitance) to less than 
1 0 pF between the XI and X2 pines. Decouple V cc and 
GND as close to the 82284 as possible. 



Figure 3. Recommended Crystal and READY 
Connections 


Reset Operation 

The reset logic provides the RESET output to force 
the system into a known, initial state. When the RES 
input is acti ve (LO W), the RESET output becomes ac- 
tive (HIGH). RES is synchronized internally at the fall- 
ing edge of CLK before generating the RESET o utput 
(see waveforms). Synchronization of the RES 
input introduces a one or two CLK delay before affect- 
ing the RESET output. 

At power up, a system does not have h ave a stable V cc 
and CLK. To prevent spurious activity, RES should be 
asserted until V C c and CLK stabilize at their operating 
values. iAPX 286 processors and support components 
also require their RESET inputs be HIGH a minimum of 
1 6 CLK cycle s. An RC network, as shown in Figure 4, 
will keep RES LOW long enough to satisfy both needs. 


V< 

:c 


iN9i4 : 

;iOKn 

11 

82284 


= 10 mF 


l 

r ' 



Figure 4. Typical RC RES Timing Circuit 


A Schmitt trigger input with hysteresis on RES as- 
sur es a single transition of RESET »with an RC circuit 
on RES. The hysteresis separates the input voltage 
level at which the circuit output switches between 
HIGH to LOW from the input voltage level at which the 
circu it output switches between LOW to HIGH. The 
RES HIGH to LOW input transition voltage is lower 
than the RES LOW to HI GH inp ut transition voltage. 
As long as the slope of the RES input voltage remains 
in the sa me di rection (increasing or decreasing) 
around the RES input transition voltage, the RESET 
output will make a single transition. 

Ready Operation 

The 82284 accepts two ready sources for the system 
ready signal which terminates the current bus cycle. 
Either a synchronous (SRDY) or asynchronous ready 
(ARDY) source may be used. Each ready input has an 
enable (SRDYEN and ARDYEN) for selecting the type 
of ready source required to terminate the current bus 
cycle. An address decoder would normally select one 
of the enable inputs. 
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READY is enabled (LOW), if either SRDY + 
SRDYEN = 0 or ARDY + ARDYEN = 0 when sam- 
pled by the 82284 READY generation logic. READY 
will remain active for at least two CLK cycles. 

The READY output has an open-collector driver allowing 
other ready circuits to be wire or’ed with it, as shown in 
Figure 3. The READY signal of an iAPX 286 system 
requires an exter nal 910 ohm ± 5% pull-up resistor. To 
force the READY signal inactive (HIGH) at the start of a 
bus cycle, the READY output floats when either ST or SO 
are sampled LOW at the falling edge of CLK. Two system 
clo ck perio ds are allowed for the pull-up resisto r to pull 
the READY signal to V, H . When RESET is active, READY 
is forced active one CLK later (see waveforms). 

Figure 5 illustrates the operation of SRDY and 


SRDYEN. These inputs are sampled on the falling 
edge of CLK when ST and SO are inactive and PCLK is 
HIGH. READY is forced active when both SRDY and 
SRDYEN are sampled as LOW. 

Figure 6 shows the operation of ARDY and ARDYEN. 
These inputs are sampled by an internal synchronizer 
at each falling edge of CLK. The output of the synchro- 
nizer is then sampled when PCLK is HIGH. If the syn- 
chronizer resolved both the ARDY an d ARDYEN have 
been resolved as active, the SRDY and SRDYEN inputs 
are ignored. Either ARDY or ARDYEN must be HIGH at 
end of T s (see figure 6). 

READY remains active until either ST or SO are sam- 
pled LOW, or the ready inputs are sampled as inac- 
tive. 


Table 2. 82284 Crystal Loading Capacitance Values 


Crystal Frequency 

Cl Capacitance 

C2 Capacitance 


(pin 7) 

(pin 8) 

1 to 8 MHz 

60 pF 

40 pF 

8 to 16MHz 

25 pF 

15 pF 


NOTE: Capacitance values must include stray board capacitance. 


t s | t c | t c | T, 



Figure 5. Synchronous Ready Operation 
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Figure 6. Asynchronous Ready Operation 


ABSOLUTE MAXIMUM RATINGS* 


Temperature Under Bias 0°C to 70°C 

Storage Temperature -65°C to 4- 150°C 

All Output and Supply Voltages -0.5V to 4 7V 

All Input Voltages -1 .0V to +5.5V 

Power Dissipation 1 Watt 


* Notice: Stresses above those listed under “Absolute 
Maxmum Ratings “ may cause permanent damage to 
the device. This is a stress rating only and functional 
operation of the device at these or any other condi- 
tions above those indicated in the operational sec- 
tions of this specification is not implied. Exposure to 
absolute maximum rating conditions for extended 
periods may affect device reliability. 


D.C. CHARACTERISTICS (T A = 0°C to 70°C 5 V cc = 5V, ± 5%) 




6 MHz 

8 MHz 





-6 

-6 

-8 

-8 



Sym 

Parameter 

Min 

Max 

Min 

Max 

Unit 

Test Condition 

V, L 

Input LOW Voltage 


.8 


8 

V 


V| H 

Input HIGH Voltage 

20 


2.0 


V 


V| H R 

RES and EFI Input HIGH Voltage 

2.6 


26 


V 


V HYS 

RES Input hysteresis 

0.25 


0.25 


V 


VOL 

RESET, PCLK Output LOW Voltage 


45 


45 

V 

Iol = 5mA 

VOH 

RESET PCLK Output HIGH Voltage 

24 


2.4 


V 

l 0 H = -1mA 

V OLR 

READY, Output LOW Voltage 


.45 


.45 

V 

Iql = 7mA 

V OLC 

CLK Output LOW Voltage 


45 


45 

V 

I 0 l = 5mA 

V OHC 

CLK Output HIGH Voltage 

4.0 


40 


V 

Iqh = -800/uA 

V c 

Input Forward Clamp Voltage 


-1.0 


-1 0 

V 

l c = -5mA 


Forward Input Current 


-5 

! 

-.5 

mA 

V F - 45V 

•r 

Reverse Input Current 


50 


50 

uA 

> 8 

II 

cr 

> 

•cc 

Power Supply Current 


145 


145 

mA 


c, 

Input Capacitance 


10 


10 

P F 

F c = 1 MHz 
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AC. CHARACTERISTICS (T A = 0°C to 70°C, V cc = 5V, ± 5%) 

AC timings are referenced to 0.8V and 2.0V points of signals as illustrated in datasheet waveforms, unless otherwise 
noted. 



6MHz 

8MHz 





-6 

-6 

-8 

-8 



Sym 

Parameter 

Min 

Max 

Min 

Max 

Unit 

Test Condition 

1 

EFI to CLK Delay 


35 


30 

ns 

at 1.5V Note 1 

2 

EFI LOW Time 

40 


25 


ns 

at 1 5V Note 1 Note 7 

3 

EFI HIGH Time 

35 


25 


ns 

at 1.5V Note 1 Note 7 

4 

CLK Period 

83 

500 

62 

500 

ns 


5 

CLK LOW Time 

20 


15 


ns 

at 1.0V Note 1 Note 2,8 

6 

CLK HIGH Time 

25 


25 


ns 

at 3.6V Note 1 Note 2,8 

7 

CLK Rise Time 


10 


10 

ns 

1.0V to 3.6V Note 1 

8 

CLK Fall Time 


10 


10 

ns 

3.6V to 1.0V Note 1 

9 

Status Setup Time 

28 


22 


ns 

Note 1 

10 

Status Hold Time 

1 


1 


ns 

Note 1 

11 

SRDY or SRDYEN Setup Time 

25 


15 


ns 

Note 1 

12 

SRDY or SRDYEN Hold Time 

0 


0 


ns 

Note 1 

13 

ARDY or ARDYEN Setup Time 

5 


0 


ns 

Note 1 Note 3 

14 

ARDY or ARDYEN Hold Time 

30 


30 


ns 

Note 1 Note 3 

15 

RES Setup Time 

25 


20 


ns 

Note 1 Note 3 

16 

RES Hold Time 

10 


10 


ns 

Note 1 Note 3 

17 

READY Inactive Delay 

5 


5 


ns 

at 0.8V Note 4 

18 

READY Active Delay 

0 

33 

0 

24 

ns 

at 0.8V Note 4 

19 

PCLK Delay 

0 

45 

0 

45 

ns 

Note 5 

20 

RESET Delay 

5 

50 

5 

34 

ns 

Note 5 

21 

PCLK LOW Time 

t4-20 


t4-20 


ns 

Note 5 Note 6 

22 

PCLK HIGH Time 

t4-20 


t4-20 


ns 

Note 5 Note 6 


NOTE 1: CLK loading. C L = 150pF. 

NOTE 2: With the internal crystal oscillator using recommended crystal and capacitive loading, or with the EFI input meeting 
specifications t2, and t3 Use a parallel-resonant, fundamental mode crystal. The recommended crystal loading for 
CLK frequencies of 8-1 6MHz are 25pF from pin X to ground, and 1 5pF from pin X 2 to ground. These recommended 
values are ± 5pF and include all stray capacitance, Decouple V cc and GND as close to the 82284 as possible. 

NOTE 3: This is an asynchronous input. This specification is given for testing purposes only, to assure recognition at specific 
CLK edge. 

NOTE 4: READY loading: l 0L = 7mA, C L = 150pF. In system application, use 910 ohm ±5% pullup resistor to meet 80286, 
80286-6 and 80286-4 timing requirements. 

NOTE 5: PCLK and RESET loading: C L = 75pF. PCLK also has 750 ohm pullup. 

NOTE 6: t4 refers to any allowable CLK period. 

NOTE 7: When driving the 82284 with EFI, provide minimum EFI HIGH and LOW times as follows: 


CLK Output Frequency: 

8MHz 

CLK 

12MHz 

CLK 

16MHz 

CLK* 

Min. required EFI HIGH time 

52ns 

35ns 

25ns 

Min. required EFI LOW time 

52ns 

40ns 

25ns 


* At CLK frequencies above 12MHz, CLK output HIGH and LOW times are guaranteed only when using crystal with 
recommended capacitive loading per Table 2, not when driving component from EFI All features of the 82284 remain 
functional whether EFI or crystal is used to drive the 82284. 

NOTE 8: When using crystal (with recommended capacitive loading per Table 2) appropriate for speed of 80286, CLK output 
HIGH and LOW times guaranteed to meet 80286 requirements. 
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NOTE 9: 


NOTE 10: 


82284 

CLK 

OUTPUT 





2.4V 


DEVICE 

INPUT 


0.45V 


OTHER 

DEVICE 

OUTPUT 



NOTE 11. AC Setup, Hold and Delay Time Measurement — General 


Vcc 


Vcc 



READY 

output 



Other ^ 
outputs 5 


NOTE 12. AC Test Loading on Outputs 
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CLK as a Function of EFI 




NOTE: The EFI input LOW and HIGH times as shown are required to 
guarentee the CLK LOW and HIGH times shown. 


RESET and READYJTiming as a Function of RES 
with ST and §6 HIGH 


RESET Depends on 

state of 


h— © — 



NOTE 1: This is an asynchronous input. The setup and hold times 
shown are required to guarantee the response shown. 

NOTE 2: Tie 910 ohm ±5% pullup resistor to the READY output 



— — 




NOTE 1: This is an asynchronous input. The setup and hold times 
shown are required to guarantee the response shown. 

NOTE 2: Tie 910 ohm ±5% pullup resistor to the READY output 
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82288 
BUS CONTROLLER 
FOR iAPX 286 PROCESSORS 

(82288-8, 82288-6) 


■ Provides Commands and Control for 
Local and System Bus 

■ Offers Wide Flexibility in System 
Configurations 

■ Flexible Command Timing 


■ Optional Multibus* Compatible 
Timing 

■ Control Drivers with 16 ma l 0L and 
3- State Command Drivers with 

32 ma l 0L 

■ Single + 5V Supply 


The Intel 82288 Bus Controller is a 20-pin HMOS component for use in iAPX 286 microsystems. The bus 
controller provides command and control outputs with flexible timing options. Separate command out- 
puts are used for memory and I/O devices. The data bus is controlled with separate data enable and direc- 
tion control signals. 

Two modes of operation are possible via a strapping option: Multibus compatible bus cycles, and high 
speed bus cycles. 


3-STATE 

COMMAND 

OUTPUTS 




vcc 

SO 

M/iO 

DT/R 

DEN 

CEN/AEN 

CENL 

iNTA 

lORC 

iowc 


Figure 1. 82288 Block Diagram Figure 2. 88228 Pin Configuration 


* Multibus is a patented bus of Intel. 


Intel Corporation Assumes No Responsibility for the Use of Any Circuitry Other Than Circuitry Embodied in an Intel Product No Other Circuit Patent Licenses are Implied 

' January 1985 

©INTEL CORPORATION, 1982 4-1 QO ORDER NUMBER: 210471-004 
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Table 1. Pin Description 

The following pin function descriptions are for the 82288 bus controller. 



Name and Function 


System Clock provides the basic timing control for the 82288 in an iAPX 286 micro- 
system. Its frequency is twice the internal processor clock frequency. The falling edge 
of this input signal establishes when inputs are sampled and command and control 
outputs change. 


Bus Cycle Status starts a bus cycle and, along with M/IO, defines the typeof bus cycle. 
These inputs are active LOW. A bus cycle is started when either SI or SO is sampled 
LOW at the falling edge of CLK. Setup and hold times must be met for proper operation. 


iAPX 286 Bus Cycle Status Definition 

M/IO 

SI 

so 

Type of Bus Cycle 

0 

0 

0 

Interrupt acknowledge 

0 

0 

1 

I/O Read 

0 

t 

0 

I/O Write 

0 

1 

1 

None; idle 

1 

0 

0 

Halt or shutdown 

1 

0 

1 

Memory read 

1 

1 

0 

Memory write 

1 

1 

1 

None, idle 


Memory or I/O Select determines whether the current bus cycle is in the memory space or I/O 
space. When LOW, the current bus cycle is in the I/O space. Setup and hold times must be met 
for proper operation. 


Multibus Mode Select determines timing of the command and control outputs. When HIGH, 
the bus controller operates with Multibus-compatible timings. When LOW, the bus controller 
opti mizes the command and control output timing for short bus cycles. The function of the 
CEN/AEN input pin is selected by this signal. This input is typically a strapping option and not 
dynamically changed. 


Command Enable Latched is a bus controller select signal which enables the bus controller to 
respond to the current bus cycle being initiated. CENL is an active HIGH input latched internally 
at the end of each T s cycle. CENL is used to select the appropriate bus controller for each bus 
cycle in a system where the CPU has more than one bus it can use. This input may be connected 
to V cc to select this 82288 for all transfers. No control inputs affect CENL. Setup and hold times 
must be met for proper operation. 


Command Delay allows delaying the start of a command. CMDLY is an active HIGH input. If sampled 
HIGH, the command output is not activiated and CMDLY is again sa mpled at the next CLK cycle. 
When sampled LOW the selected command is enabled. If READY is detected LOW before the 
command output is activated, the 82288 will terminate the bus cycle, even if no command was 
issued. Setup and hold times must be satisfied for proper operation. This input may be connected 
to GND if no delays are required before starting a command. This input has no effect on 82288 
control outputs. 


READY indicates the end of the current bus cycle. READY is an active LOW input . Multib us mode 
requires at least one wait state to allow the command outputs to become active. READY must be 
LOW during reset, to force the 82288 into the idle state. Setup and hold times must be met for 
proper operation. The 82284 drives READY LOW during RESET. 
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Table 2. Command and Control Outputs for Each Type of Bus Cycle 


Type of 
Bus Cycle 

M/IO 

SI 

so 

Command 

Activated 

DT/R 

State 

ALE, DEN 
Issued? 

MCE 

Issued? 


0 

0 

0 

jNTA 

LOW 

YES 

YES 

I/O Read 

0 

0 

1 

IORC 

LOW 

YES 

NO 

I/O Write 

0 

1 

0 

IOWC 

HIGH 

YES 

NO 

None; idle 

0 

1 

1 

None 

HIGH 

NO 

NO 

Halt/Shutdown 

1 

0 

0 

None 

HIGH 

NO 

NO 

Memory Read 

1 

0 

1 

MR DC 

LOW 

YES 

NO 

Memory Write 

1 

1 

0 

MWTC 

HIGH 

YES 

NO 

None; idle 

1 

1 

1 

None 

HIGH 

NO 

NO 


Operating Modes 

Two types of buses are supported by the 82288: 
Multibus and non-Multibus. When the MB input is 
strapped HIGH, Multibus timing is used. In 
Multibus mode, the 82288 delays command and 
data activation to meet IEEE-796 requirements on 
address to command active and write data to com- 
mand active setup timing. Multibus mode requires 
at least one wait state in the bus cycle since the 
command outputs are delayed. The non-Multibus 
mode does not delay any outputs and does not re- 
quire wait states. The MB input affects the timing 
of the command and DEN outputs. 

Command and Control Outputs 

The type of bus cycle performed^ the Jocal bus 
master is encoded in the M/IO, SI, and SO inputs. 
Different command and control outputs are ac- 
tivated depending on the type of bus cycle. Table 2 
indicates the cycle decode done by the 82288 and 
the effect on command, DT/R, ALE, DEN, and MCE 
outputs. 


Bus cycles come in three forms: read, write, and 
halt. Read bus cycles include memory read, I/O 
read, and interrupt acknowledge. Th e timing of the 
asso ciate d read command outputs (MRDCJORC, 
and INTA), control outpu ts (ALE, DEN, DT/R) and 
control inputs (CEN/AEN, CENL, CMDLY, MB, and 
READY) are identical for all read bus cycles. Read 
cycles differ only in which command output is ac- 
tivated. The MCE control output is only asserted 
during interrupt acknowledge cycles. 

Write bus cycles activate different control and 
command outputs with different timing than read 
bus cycles. Memory write and I/O write are write 
bus cycles whose timing for command outputs 
(MWTC and IOWC), control outp uts (ALE, DEN, 
DT/R) and contro l inputs (CEN/AEN, CENL, CMDLY, 
MB, and READY) are identical. They differ only in 
which command output is activated. 

Halt bus cycles are different because no command 
or control output is activated. Ail control inputs are 
ignored until the next bus cycle is started via SI 
and SO. 
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Table 1. Pin Description (Cont.) 


Symbol 

Type 

Name and Function 

CEN/AEN 

1 

Command Enable/Address Enable controls the command and DEN outputs of the bus 
controller. CEN/AEN inputs may be asynchronous to CLK. Setup and hold times are 
given to assure a guaranteed response to synchronous inputs. This input may be con- 
nected to VCC or GND. 

When MB is HIGH this pin has the AEN function. AEN is an active LOW input which in- 
dicates that the CPU has been granted use of a shared bus and the bus controller com- 
mand outputs may exit 3-state OFF and become inactive (HIGH). AEN HIGH indicates 
that the CPU does not have control of the shared bus and forces the command outputs 
into 3-state OFF and DEN inactive (LOW). AEN would normally be controlled by an 
82289 bus arbiter which activates AEN when that arbiter owns the bus to which the bus 
controller is attached. 

When MB is LOW this pin has the CEN function. CEN is an unlatched active HIGH input which 
allows the bus controller to activate its command and DEN outputs. With MB LOW, CEN LOW 
forces the command and DEN outputs inactive but does not tristate them. 

ALE 

0 

Address Latch Enable controls the address latches used to hold an address stable dur- 
ing a bus cycle. This control output is active HIGH. ALE will not be issued for the halt 
bus cycle and is not affected by any of the control inputs. 

MCE 

0 

Master Cascade Enable signals that a cascade address from a master 8259A interrupt 
controller may be placed onto the CPU address bus for latching by the address latches 
under ALE control. The CPU’s address bus may then be used to broadcast the cascade 
address to slave interrupt controllers so only one of them will respond to the interrupt 
acknowledge cycle. This control output is active HIGH. MCE is only active during inter- 
rupt acknowledge cycles and is not affected by any control input. Using MCE to enable 
cascade address drivers requires latches which save the cascade address on the falling 
edge of ALE. 

DEN 

0 

Data Enable controls when data transceivers connected to the local data bus should 
be enabled. DEN is an active HIGH control output. DEN is delayed for write cycles in 
the Multibus mode. 

DT/R 

0 

Data Transmit/Receive establishes the direction of data flow to or from the local data 
bus. When HIGH, this control output indicates that a write bus cycle is^ being performed. 
A LOW indicates a read bus cycle. DEN is always inactive when DT/R changes states. 
This output is HIGH when no bus cycle is active. DT/R is not affected by any of the con- 
trol inputs. 

IOWC 

0 

I/O Write Command instructs an I/O device to read the data on the data bus. This com- 
mand output is active LOW. The MB and CMDLY inputs control when this output 
becomes active. READY controls when it becomes inactive. 

fORC 

0 

I/O Read Command instructs an I/O device to place data onto the data bus. This com- 
mand output is active LOW. The MB and CMDLY inputs control when this output 
becomes active. READY controls when it becomes inactive. 

MWTC 

0 

Memory Write Command instructs a memory device to read the data on the data bus. 
This command output is active LOW. The MB and CMDLY inputs control when this out- 
put becomes active. READY controls when it becomes inactive. 

MRDC 

0 

Memory Read Command instructs the memory device to place data onto the data bus. 
This command output js active LOW. The MB and CMDLY inputs control when this out- 
put becomes active. READY controls when it becomes inactive. 

INTA 

0 

Interrupt Acknowledge tells an interrupting device that its interrupt request is being 
acknowledged. This command output is active LOW. The MB and CMDLY inputs con- 
trol when this output becomes active. READY controls when it becomes inactive. 

Vcc 


System Power: + 5V power supply 

GND 


System Ground: 0 volts 
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FUNCTIONAL DESCRIPTION 
Introduction 

The 82288 bus controller Is used in iAPX 286 
systems to provide address latch control, data 
transceiver control, and standard level-type com- 
mand outputs. The command outputs are timed 
and have sufficient drive capabilities for large TTL 
buses and meet all IEEE-796 requirements for 
Multibus. A special Multibus mode is provided to 
statisfy all address/data setup and hold time re- 
quirements. Command timing may be tailored to 
special needs via a CMD LY input to determine the 
start of a command and READY to determine the 
end of a command. 

Connection to multiple buses are supported with 
a latched enable input (CENL). An address 
decoder can determine which, if any, bus con- 
troller should be enabled for the bus cycle. This 
input is latched to allow an address decoder to 
take full advantage of the pipelined timing on the 
iAPX 286 local bus. 

Buses shar ed b y several bus controllers are sup- 
ported. An AEN input prevents the bus controller 


from driving the shared bus command and data 
signals except when enabled by an external bus 
arbiter such as the 82289. 

Separate DEN and DT/R outputs control the data 
transceivers for all buses. Bus contention is 
elirminated by disabling DEN before changing 
DT/R. The DEN timing allows sufficient time for 
tristate bus drivers to enter 3-state OFF before 
enabling other drivers onto the same bus. 

The term CPU refers to any iAPX 286 processor or 
iAPX 286 support component which may become 
an iAPX 286 local bus master and thereby drive the 
82288 status inputs. 

Processor Cycle Definition 

Any CPU which drives the local bus uses an internal 
clock which is one half the frequency of the system 
clock (CLK) (see Figure 3). Knowledge of the phase 
of the local bus master internal clock is required for 
proper operation of the iAPX 286 local bus. The local 
bus master informs the bus controller of its internal 
clock phase when it asserts the status signals. Status 
signals are always asserted beginning in Phase 1 of 
the local bus master’s internal clock. 



Figure 3. CLK Relationship to the Processor Clock and Bus T-States 
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Bus State Definition 

The 82288 bus controller has three bus states (see 
Figure 4): Idle (T,) Status (T s ) and Command (T c ). 
Each bus state is two CLK cycles long. Bus state 
phases correspond to the internal CPU processor 
clock phases. 

The T, bus state occurs when no bus cycle is cur- 
rently active on the iAPX 286 local bus. This state 
may be repeated indefinitely. When control of the 
local bus is being passed between masters, the 
bus remains in the T, state. 



Bus Cycle Definition 

The SI and SO inputs signal the start of a bus cy- 
cle. When either input becomes LOW, a bus cycle 
is started. The T s bus state is defined to be the two 
CLK cycles during which either SI or SO are active 
(see Figure 5). These inputs are sampled by the 
82288 at every falling edge of CLK. When either §1 
or SO are sampled LOW, the next CLK cycle is con- 
sidered the second phase of the internal CPU clock 
cycle. 

The local bus enters the T c bus state after the T s 
state. The shortest bus cycle may have one T s state 
and one T c state. Longer bus cycles are formed by 
repeating T c states. A repeated T c bus state is 
called a wait state. 

The READY input determines wheth er the c urrent 
T c bus state is to be repeated. The READY input 
has the same timing and effect for all bus cycles. 
READY is sampled at the end of each T c bus state 
to see if it is active. If sampled HIGH, the T c bus 
state is repeated. This is called inserting a wait 
state. The control and command outputs do not 
change during wait states. 

When READY is sampled LOW, the current bus cy- 
cle is terminated. Note that the bus controller may 
enter the T s bus state directly from T c if the status 
lines are sampled active at the next falling edge of 
CLK. 



Figure 5. Bus Cycle Definition 
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Figures 6-10 show the basic command and control 
output timing for read and write bus cycles. Halt 
bus cycles are not shown since they activate no 
outputs. The basic idle-read-idle and idle-write-idle 
bus cycles are shown. The signal label CMD 
represents the appropriate command output for 
the bus cycle. For Figures 6-10, the CMDLY input is 
connected to GND and CENL to V cc - The effects of 
CENL and CMDLY are described later in the sec- 
tion on control inputs. 

Figures 6, 7 and 8 show non-Multibus cycles. MB is 
connected to GND while CEN is connected to V cc . 
Figure 6 shows a read cycle with no wait states while 
Figure 7 shows a write cycle with one wait state. The 
READY input is shown to illustrate how wait states 
are added. 



Figure 7. Idle-Write-ldle Bus Cycles with MB = 0 



Figure 6. Idle-Read-Idle Bus Cycles with MB = 0 


4-106 


210471-004 







82288 


AB2MM0©! DMIF@ffill^TrD©M 


inter 


Bus cycles can occur back to back with no T, bus 
states between T c and T s . Back to back cycles do 
not affect the timing of the command and control 
outputs. Command and control outputs always 
reach the states shown for the same clock edge 
(within T s , T c , or following bus state) of a bus cycle. 

A special case in control timing occurs for back to 
back write cycles with MB = 0. In this case, DT/R 
and DEN remain HIGH between the bus cycles (see 
Figure 8). The command and ALE output timing 
does not change. 

Figures 9 a nd 10 show a Multibus cycle with 
MB = 1. AEN and CMDLY are c onnected to GND. 
The effects of CMDLY and AEN are described later 
in the section on control inputs. Figure 9 shows a 
read cycle with one wait state and Figure 10 shows 
a write cycle with two wait states. The second wait 
state of the write cycle is shown o nly for e xample 
purposes and is not required. The READY input is 
shown to illustrate how wait states are added. 


Figure 8. Write-Write Bus Cycles with MB = 0 




Figure 9. Idle-Read-ldie Bus Cycles with MB = 1 
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Figure 10. Idle-Write-Idle Bus Cycles with MB = 1 


The MB control input affects the timing of the com- Back to back bus cycles with MB = 1 do not 

mand and DEN outputs. These outputs are change the timing of any of the command or con- 

automatically delayed in Multibus mode to satisfy trol outputs. DEN always becomes inactive be- 
three requirements: tween bus cycles with MB = 1. 

1) 50 ns minimum setup time for valid address 
before any command output becomes active. 

2) 50 ns minimum setup time for valid write data 
before any write command output becomes ac- 
tive. 

3) 65 ns maximum time from when any read com- 
mand becomes inactive until the slave’s read 
data drivers reach 3-state OFF. 

Three signal transitions are delayed by MB = 1 as 
compared to MB = 0: 

1) The HIGH to LO W tra n sition of the read com- 
mand outputs (IORC, MRDC, and INTA) are 
delayed one CLK cycle. 

2) The HIGH to L OW tra nsiti on of t he write com- 
mand outputs (IOWC and MWTC) are delayed 
two CLK cycles. 

3) The LOW to HIGH transition of DEN for write 
cycles is delayed one CLK cycle. 


Except for a halt or shutdown bus cycle, ALE will 
be issued during the second half of T s for any bus 
cycle. ALE becomes inactive at the end of the T s 
to allow latching the address to keep it stable dur- 
ing the entire bus cycle. The address outputs may 
change during Phase 2 of any T c bus state. ALE is 
not affected by any control input. 

Figure 11 shows how MCE is timed during inter- 
rupt acknowledge (INTA) bus cycles. MCE is one 
CLK cycle longer than ALE to hold the cascade 
address from a master 8259A valid after the falling 
edge of ALE. With the exception of the MCE con- 
trol output, an INTA bus cycle is identical in tim- 
ing to a read bus cycle. MCE is not affected by any 
control input. 
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Figure 11. MCE Operation for an INTA Bus Cycle 
Control Inputs 

The cohtrol inputs can alter the basic timing of 
command outputs, allow interfacing to multiple 
buses, and share a bus between different 
masters. For many iAPX 286 systems, each CPU 
will have more than one bus which may be used to 
perform a bus cycle. Normally, a CPU will only 
have one bus controller active for each bus cycle. 
Some buses may be shared by more than one CPU 
(i.e. Multibus) requiring only one of them use the 
bus at a time. 

Systems with multiple and shared buses use two 
control inp ut si gnals of the 82288 bus controller, 
CENL and AEN (see Figure 12). CENL enables the 
bus cont roller to control the current bus cycle. 
The AEN input prevents a bus controller from driv- 
ing its command outputs. AEN HIGH means that 
another bus controller may be driving the shared 
bus. 

In Figure 12, two buses are shown: a local bus and 
a Multibus. Only one bus is used for each CPU bus 
cycle. The CENL inputs of the bus controllers 
select which bus controller is to perform the bus 
cycle. An address decoder determines which bus 
to use for each bus cycle. The 82288 connected to 
the shared Multibus must be selected by C ENL 
and be given access to the Multibus by AEN 
before it will begin a Multibus operation. 


CENL must be sampled HIGH at the end of the T s 
bus state (see waveforms) to enable the bus con- 
troller to activate its command and control out- 
puts. If sampled LOW the commands and DEN 
will not go active and DT/R will remain HIGH. The 
bus co ntroller will ignore the CMDLY, CEN, and 
READY Inputs until another bus cycle is started 
via SI and SO. Since an address decoder is com- 
monly used to identify which bus is required for 
each bus cycle, CENL is latched to avoid the need 
for latching its input. 

The CENL input can affect the DEN control out- 
put. When MB = 0, DEN normally becomes active 
during Phase 2 of T s in write bus cycles. This tran- 
sition occurs before CENL is sampled. If CENL is 
sampled LOW, the DEN output will be forced LOW 
during T c as shown in the timing waveforms. 

When MB = 1 , CEN/AEN becomes AEN. AEN con- 
trols when the bus control ler c ommand outputs 
enter and exit 3-state OFF. AEN is intended to be 
driven by a bus arbiter, like the 82289, which 
assures only one bus contro ller is driving the 
shared bus at any time. When AEN makes a LOW 
to HIGH transition, the command outputs im- 
mediately enter 3-state OFF and DEN is forced in- 
active. An inactive DEN should force the local 
data transceivers connected to the shared data 
bus into 3-state OF F (se e Figure 12). The LOW to 
HIGH transition of AEN should only occur during 
T, or T s bus states. 

The HIGH to LOW transition of AEN signals that 
the bus controller may now drive the shared bus 
command signals. Since a bus cycle m ay be ac- 
tive or be in the process of start ing, AEN can 
become active during any T-state. AEN LOW im- 
mediately allows DEN to go to the appropriate 
state. Three CLK edges later, the command out- 
puts will go active (see timing waveforms). The 
Multibus requires this delay for the address and 
data to be valid on the bus before the commands 
become active. 

When MB = 0, CEN/AEN becomes CEN. CEN is an 
asynchronous input which immediately affects 
the command and DEN outputs. When CEN 
makes a HIGH to LOW transition, the commands 
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and DEN are immediately forced inactive. When 
CEN makes a LOW to HIGH transition, the com- 
mands and DEN outputs immediately g o to the 
appropriate state (see timing waveforms). READY 
must still become active to terminate a bus cycle 
if CEN remains LOW for a selected bus controller 
(CENL was latched HIGH). 


Some memory or I/O systems may require more 
address or write data setup time to command ac- 
tive than provided by the basic command output 
timing. To provide flexible command timing, the 
CMDLY input can delay the activation of com- 
mand outputs. The CMDLY input must be 
sampled LOW to activate the command outputs. 
CMDLY does not affect the control outputs ALE, 
MCE, DEN, and DT/R. 


XI 

X2 

SRDY 

ARDY 

82284 

ARDYEN 

SRDYEN 


CLK READY 

SI, SO 


CENL 

MB CEN 




READY 


HLK 

CMD 

82288 | 

M/IO 

DEN 

SI *S0 



DT/R 

CENL 

ALE 

MB 

AEN 


ADDRESS 

DECODER 


82289 

«/Tn CNTL 


SO 20KO 


ADDRESS 

DATA 



Figure 12. System Use of AEN arid CENL 
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CMDLY is first sampled on the falling edge of the 
CLK ending T s . If sampled HIGH, the command 
output is not activated, and CMDLY is again 
sampled on the next falling edge of CLK. Once 
sampled LOW, the proper command output 
becomes active immediately if MB = 0. If MB = 1, 
the proper command goes active no earlier than 
shown in Figures 9 and 10. 

READY can terminate a bus cycle before CMDLY 
allows a command to be issued. In this case no 
commands are issued and the bus controller will 
deactivate DEN and DT/R in the same manner as if 
a command had been issued. 

Waveforms Discussion 

The waveforms show the timing relationships of in- 
puts and outputs and do not show all possible tran- 


sitions of all signals in all modes. Instead, all 
signal timing relationships are shown via the 
general cases. Special cases are shown when 
needed. The waveforms provide some functional 
descriptions of the 82288; however, most func- 
tional descriptions are provided in Figures 5 
through 11. 

To find the timing specification for a signal transi- 
tion in a particular mode, first look for a special 
case in the waveforms. If no special case applies, 
then use a timing specification for the same or 
related function in another mode. 
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ABSOLUTE MAXIMUM RATINGS* 

Ambient Temperature Under Bias. . . .0°C to 70 °C 

Storage Temperature -65°C to + 150°C 

Voltage on Any Pin with 

Respect to GND - 0.5V to + 7V 

Power Dissipation 1 Watt 


* NOTICE: Stresses above those listed under “Ab- 
solute Maximum Ratings” may cause permanent 
damage to the device. This is a stress rating only 
and functional operation of the device at these or 
any other conditions above those indicated in the 
operational sections of this specification is not im- 
plied. Exposure to absolute maximum rating condi- 
tions for extended periods may affect device 
reliability. 


D.C. CHARACTERISTICS (T a = o°c to 70°c, v cc = 5V, ± 5% ) 




6 MHz 

8 MHz 





n 

pm 

-8 

-8 



Symbol 

Parameter 



Min. 

Max. 

Units 

Test Conditions 

VlL 

Input LOW Voltage 

-.5 

.8 

-5 

.8 

V 


V,H 

Input HIGH Voltage 

20 

V cc + -5 

2.0 

V cc + -5 

V 


V|LC 

CLK Input LOW Voltage 

-.5 

.6 

-.5 

.6 

V 


V,HC 

CLK Input HIGH Voltage 

3.8 

V cc +-5 

3.8 

V cc +.5 

V 


VOL 

Output LOW Voltage 


mm 


■■ 


■■99 


Command Outputs 




■ 


■ 


Control Outputs 


■91 


■9 



V OH 

Output HIGH Voltage 



mmm 





Command Outputs 

2.4 


■ 



Iqh = -5mA Note 1 


Control Outputs 

2.4 


■ 



l 0H = - 1 mA Note 2 

If 

Input Current (SO and ST inputs) 


-.5 


-.5 

mA 

Vf = .45V 

Iil 

Input Leakage current (all 

mm 







other inputs) 


±10 


±10 



•lo 

Output Leakage Current 


±10 


± 10 

M A 


•cc 

Power Supply Current 


120 


120 

mA 


CcLK 

CLK Input Capacitance 


12 


12 

PF 

F c = 1 MHz 

c, 

Input Capacitance 


10 


10 

PF 

F c = 1 MHz 

Co 

Input/Output Capacitance 


20 


20 

PF 

F c == 1 MHz 


NOTE: 1. Command Outputs are INTA, IORC, IOWC, MRDC, MWRC. 
2. Control Outputs are DT/R, DEN, ALE and MCE. 
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A.C. CHARACTERISTICS 

(T a = 0°C to 70°C, V cc = 5V, ± 5% ) 

AC timings are referenced to 0.8V and 2.0 V points of signals as illustrated in data sheet waveforms, unless otherwise noted 




6 MHz 

8 MHz 



Sym 

Parameter 

-6 

Min. 

-6 

Max. 

-8 

Min. 

-8 

Max. 

Unit 

Test Condition 

1 

CLK Period 

83 

250 

62 

250 

ns 


2 

CLK HIGH Time 

25 

230 

20 

235 

ns 

at 3 6V 

3 

CLK LOW Time 

20 

225 

15 

230 

ns 

at 1 0V 

4 

CLK Rise Time 


10 


10 

ns 

1 0V to 3 6V 

5 

CLK Fall Time 


10 


10 

ns 

3 6V to 1 0V 

6 

M/IO and Status Setup Time 

28 


22 


ns 


7 

M/IO and Status Hold Time 

1 


1 


ns 


8 

CENL Setup Time 

30 


20 


ns 


9 

CENL Hold Time 

1 


1 v 


ns 


10 

READY Setup Time 

50 


38 


ns 


11 

READY Hold Time 

35 


25 


ns 


12 

CMDLY Setup Time 

25 


20 


ns 


13 

CMDLY Hold Time 

1 


1 


ns 


14 

AEN Setup Time 

25 


20 


ns 

Note 3 

15 

AEN Hold Time 

0 


0 


ns 

Note 3 

16 

ALE, MCE Active Delay from CLK 

3 

25 

3 

20 

ns 

Note 4 

17 

ALE, MCE Inactive Delay from CLK 


35 


25 

ns 

Note 4 

18 

DEN (Write) Inactive from CENL 


35 


35 

ns 

Note 4 

19 

DT/R LOW from CLK 


40 


25 

ns 

Note 4 

20 

DEN (Read) Active from DT/R 

5 

50 

5 

35 

ns 

Note 4 

21 

DEN (Read) Inactive Dly from CLK 

3 

40 

3 

35 

ns 

Note 4 

22 - 

DT/R HIGH from DEN Inactive 

5 

45 

5 

35 

ns 

Note 4 

23 

DEN (Write) Active Delay from CLK 


35 


30 

ns 

Note 4 

24 

DEN (Write) Inactive Dly from CLK 

3 

35 

3 

30 

ns 

Note 4 

25 

DEN Inactive from CEN 


40 


30 

ns 

Note 4 

26 

DEN Active from CEN 


35 


30 

ns 

Note 4 

27 

DT/R HIGH from CLK 
(when CEN = LOW) 


50 

| 

35 

ns 

Note 4 

28 

DEN Active from AEN 


35 


30 

ns 

Note 4 

29 

CMD Active Delay from CLK 

3 

40 

3 

25 

ns 

Note 5 

30 

CMD Inactive Delay from CLK 

3 

30 

3 

25 

ns 

Note 5 

31 

CMD Inactive from CEN 


35 


25 

ns 

Note 5 

32 

CMD Active from CEN 


45 


25 

ns 

Note 5 

33 

CMD Inactive Enable from AEN 


40 


40 

ns 

Note 5 

34 

CMD Float Delay from AEN 


40 


40 

ns 

Note 6 

35 

MB Setup Time 

25 


20 


ns 


36 

MB Hold Time 

0 


0 


ns 


37 

Command Inactive Enable 
from MBi 


40 


40 

ns 

Note 5 

38 

Command Float Time from MBt 


40 


40 

ns 

Note 6 

39 

DEN Inactive from MBt 


40 


30 

ns 

Note 4 

40 

DEN Active from MBI 


35 


30 

ns 

Note 4 


NOTE: 3 AEN is an asynchronous input This specification is fortesting purposes only, to assure recognition at a specific 


CLK edge 

4 Control output load Cl = 150pF 

5 Command output load Cl = 300pF 

6 Float condition occurs when output current is less then l LO in magnitude 
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NOTE 9: AC Test Loading on Outputs 
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WAVEFORMS (Continued) 



NOTE 1: AEN is an asynchronous input. AEN setup and hold time is specified to guarantee the response shown in the waveforms. 
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82289 

BUS ARBITER 

FOR iAPX 286 PROCESSOR FAMILY 


Supports Multi-master System Bus 
Arbitration Protocol 

Synchronizes 80286 Processor with Multi- 
master Bus 

Compatible With Intel Bus Standard 
Multibus®* (IEEE 796 Standard) 


■ Three Modes of Bus Release Operation for 
Flexible System Configuration 

■ Supports Parallel, Serial, and Rotating 
Priority Resolving Schemes 

■ Available in EXPRESS - Standard 
Temperature Range 


The Intel 82289 Bus Arbiter is a 5-Volt, 20-pin HMOS III component for use in multiple bus master iAPX 286 
systems. The 82289 provides a compact solution to system bus arbitration for the 80286 CPU. 

The complete IEEE 796 Standard bus arbitration protocol is supported. Three modes of bus release operation 
support a number of bus usage models. 


STATUS 

INPUTS 


SO#/HOLD 

SI# 

M/IO#- 


CLK- 

READY#- 


LOCK#- 


LOCAL 
SYSTEM 
CONTROL 
ALWAYS #/CBQLCK #- 
SYSB/RESB #- 
I RESET- 


AEN# 


PROCESSOR 

INTERFACE 


STATE 

MACHINE 


BUS REQUEST 
AND 

RELEASE 

LOGIC 


MULTIBUS 

INTERFACE 


STATE 

MACHINE 


LLOCK# 


BREQ# 

BPRN# 

BPRO# 

BCLK# 

CBRQ# 

BUSY# 

INIT# 


MULTIBUS 

INTERFACE 

SIGNALS 


82289 


M/IO#C 

7^ 

' / 20 

3 v cc 

READY# C 

2 

19 

3 SI# 

SYSB/RESB# C 

3 

18 

3 S0#/HOLD 

RESET C 

4 

17 

3clk 

BCLK# C 

5 

16 

3 LOCK# 

INIT# C 

6 

15 

□ ALWAYS# 

BREQ#C 

7 

14 

□ LLOCK# / CBQLCK# 

BPRO#C 

8 

13 

□ AEN# 

BPRN#C 

9 

12 

□ CBRQ# 

gndC 

10 

11 

□ busy# 


# INDICATES FUNCTION IS ACTIVE LOW 


Figure 1. 82289 Block Diagram 


Figure 2. 82289 Pin Diagram 
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t Patent Licenses are Implied Information Contained Herein Supercedes Previously Published Specifications of These Devices from Intel 
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Table 1. 82289 Pin Definition 


Symbol 

Pin(s) 

Type 

Name and Function 

CLK 

17 

1 

SYSTEM CLOCK accepts the CLK signal from the 82284 Clock 
Generator chip as the timing reference for the bus arbiter and 
processor interface signals. 

SO#/HOLD 

18 

1 

STATUS INPUT SO# or HOLD is either the SO# status signal from 
80286 or the HOLD signal from some other bus master. The function of 
this input is established during the processor reset of the 82289 Bus 
Arbiter. The 80286 SO# pin meets the setup and hold time requirements 
of this pin. 

The SO# pin function is selected by forcing this input high during the 
falling edge of processor reset. If the 82289 is used to support an 80286 
processor, the SO# output of the processor will be high during reset. 

In supporting the 80286 processor, the 82289 decodes the SO# pin 
together with the other status input pins, SI# and M/IO#, to determine 
the beginning of a processor bus cycle and initiate bus request and 
surrender actions. 

The HOLD function of the S0#/HOLD pin is selected by holding this 
input low during the falling edge of processor reset. When supporting 
a bus master other than 80286, the 82289 monitors the HOLD signal to 
initiate bus request and surrender actions. 

SI#, M/IO# 

19, 1 

1 

** 

STATUS INPUTS are the status input signal pins from the 80286 
processor. The arbiter decodes these inputs together with S0#/HOLD 
input to initiate bus request and surrender actions. A bus cycle is 
started when either SI# or SO# is sampled LOW at the falling edge of 
CLK. The 80286 SI# and M/IO# pins meet the setup ^nd hold time 
requirements of these pins. 

80286 Bus Cycle Status Encoding 

M/IO# SI# S0#/HOLD Type of Bus Cycle 

0 0 0 Interrupt acknowledge 

0 0 ll/O Read 

0 1 0 1/0 Write 

0 1 1 None; bus idle 

1 0 0 Halt or shutdown 

1 0 1 Memory read 

110 Memory write 

111 None; bus idle 

When supporting the HOLD output of another bus master, the SI# and 
M/IO# pins must be held HIGH during T s , the Status Cycle, for proper 
operation. 

SYSB/RESB# 

3 

1 

SYSTEM BUS/RESIDENT BUS# is an input signal which determines 
when the multi-master system bus is required for the current bus cycle. 
The signal can originate from address mapping circuitry such as a 
decoder or PROM attached to the processor address and status pins. 
The arbiter will requestor retain control of the multi-master system bus 
when the SYSB/RESB# pin is sampled HIGH at the end of the T s bus 
state. 

During an interrupt acknowledge cycle, this input is sampled on every 
falling edge of CLK starting at the end of, the T s state until either 
SYSB/RESB# is sampled HIGH or the bus cycle is terminated by the 
READY# signal. Setup and hold times for this pin must be met for 
proper operation. 
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Table 1. 82289 Pin Definition (continued) 


Symbol 

Pin(s) 

Type 

Name and Function 

READY# 

2 

1 

READY# is an active-LOW signal which indicates the end of the bus 
cycle. The 80286 halt or shutdown cycle does not require READY# to 
terminate the bus cycle. Setup and hold times for this pin must be met 
for proper operation. 

LOCK# 

16 

1 

LOCK # is a processor-generated signal which when asserted (LOW) 
prevents the arbiter from surrendering the multi-master system bus to 
any other bus arbiter, regardless of its priority. LOCK# is sampled by 
the arbiter at the end of the T s (status) bus state. Setup and hold times 
for this pin must be met for proper operation. 

ALWAYS#/ 

CBQLCK# 

15 

1 

ALWAYS RELEASE# or COMMON BUS REQUEST LOCK# can be 

programmed at processor reset to be either the ALWAYS RELEASE 
(ALWAYS#) strapping option or the COMMON BUS REQUEST LOCK 
(CBQLCK#) control input. Setup and hold times for this pin must be 
met for proper programming. 

When this pin is LOW during the falling edge of processor reset 
(ALWAYS# option) the arbiter is programmed to surrender the multi- 
master system bus after each bus transfer cycle. The 82289 will remain 
in the ALWAYS RELEASE mode until it is reprogrammed during the 
next processor reset. 

The bus arbiter is programmed to support the COMMON BUS 
REQUEST LOCK function by forcing this input pin HIGH during the 
falling edge of the processor reset. 

CBQLCK# itself is an active-LOW signal which when active prevents 
the arbiter from surrendering the multi-master system bus to a 
common bus request through the CBRQ# input pin. 

RESET 

4 

1 

PROCESSOR RESET is an active-HIGH input synchronous to the 
system clock (CLK). RESET is the processor initialization of the arbiter 
to release the multi-master bus and clear any pending request. 

1 N IT# 

6 

1 

INITIALIZE# is an active-low Multibus signal used to reset all arbiters 
on the Multibus system. It will cause the release of the multi-master 
bus, but will not clear the pending bus master request so that the 
arbiter can again request the multi-master bus. No arbiters have the 
use of the multi-master bus immediately after initialization. IN IT# isan 
asynchronous signal to CLK. 

BCLK# 

5 

1 

BUS CLOCK# is the multi-master system bus clock to which the 
multi-master bus interface signals are synchronized. BCLK# can be 
asynchronous to CLK. 

BREQ# 

7 

0 

BUS REQUEST# is an active-LOW output signal used in the parallel 
and rotating priority resolving schemes. The arbiter activates BREQ# 
to request the use of the multi-master system bus. The arbiter holds 
BREQ# active as long as it is requesting or has possession of the 
multi-master system bus. 

CBRQ# 

12 

I/O 

(open- 

drain) 

COMMON BUS REQUEST# is a Multibus signal that indicates when 
an arbiter is requesting the Multibus. This pin is an open-drain 
input/output requiring an external pullup resistor. 

As an input CBRQ# indicates that another arbiter is requesting the 
multi-master system bus. The input function of this pin is enabled by 
the CBQLCK#signal. Setupand hold times forthis pin must bemetfor 
proper operation. 

As an output CBRQ# is asserted to indicate that this arbiter is 
requesting the Multibus. The arbiter pulls CBRQ# low when it issuesa 
BREQ#. The arbiter release CBRQ# when it obtains the Multibus. 
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Table 1. 82289 Pin Definition (continued) 


Symbol 

Pin(s) 

Type 

Name and Function 

BPRN# 

9 

1 

BUS PRIORITY IN# is an active-low input indicating that this arbiter 
has the highest priority of any arbiter requesting the system bus. 
BPRN# HIGH signals the arbiter that a higher priority arbiter is 
requesting or has possession of the system bus. Setup and hold times 
for this pin must be met for proper operation. 

BPRO# 

8 

o 

BUS PRIORITY OUT# is an active-low output signal used in the serial 
priority resolving scheme. BRPO# is connected to BPRN# of the next 
lower priority to grant or revoke priority from that arbiter. 

BUSY# 

11 

I/O 

(open- 

drain) 

BUSY# is a Multibus signal which is asserted when the system bus 
is in use. 

BUSY# is an open drain input/output requiring an external pullup 
resistor. 

As an input BUSY# asserted indicates when the Multibus is in use. 
Setup and hold times must be met for proper operation. 

As an output BUSY# is asserted to signal when this arbiter has taken 
control of the Multibus. 

AEN# 

13 

O 

ADDRESS ENABLE# isthe output of the arbiter which goes directly to 
the processor’s address latches, the 82288 Bus Controller and the 
82284 Clock Generator. AEN# asserted causes the bus controller and 
address latches to enable their output drivers. AEN# also drives the 
clock generator ARDYEN# input to enable its asynchronous ready 
input (ARDY#). 

AEN# can also be used as an active-LOW Hold Acknowledge to a bus 
master other than 80286. It signals to the bus master that control of the 
system bus has been relinquished when AEN# is inactive (HIGH). 

Note that AEN# goes active relative to BCLK# and goes inactive 
relative to CLK. 

LLOCK# 

14 

O 

LEVEL LOCK# is an active-low output signal decoded from processor 
LOCK# signal. LLOCK# can be used as Multibus LOCK# when 
buffered with a tri-state buffer enabled by the AEN# signal. LLOCK# 
will be cleared by RESET but not by IN IT#. 

v cc 

20 

1 

+5 volts supply voltage 

GND 

10 

1 

Ground 


FUNCTIONAL DESCRIPTION 

The 82289 Bus Arbiter in conjunction with the 82288 
Bus Controller and the 82284 Clock Generator 
interfaces the 80286 processor or some other bus 
master to a multi-master system bus. The arbiter 
multiplexes a processor onto a multi-master system 
bus. It avoids contention with other bus masters. 

The 82289 has two separate state machines which 
communicate through bus request and release 
logic. The processor interface state machine is 
synchronous with the local system clock (CLK) and 
the multi-master system bus interface state machine 
is synchronous with the bus clock (BCLK#). 

The 82289 performs all signalling to request, obtain, 
and release the system bus. External logic is used to 


determine which bus cycles require the system bus 
and to resolve priorities of simultaneous requests 
for control of the system bus. 


82289 with 80286 

In an iAPX 286 system using an 82289 Bus Arbiter, 
the 80286 processor is unaware of the arbiter’s 
existence and issues cammands as though it had 
exclusive use of the multi-master system bus such 
as Multibus™. If the processor cycle requires 
Multibus access, the arbiter requests control of the 
Multibus. Until the request is granted the 82289 
keeps AEN# disabled to prevent the 82288 Bus 
Controller and the address latches from accessing 
the Multibus. AEN# inactive also disasserts the 
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asynchronous ready enable (ARDYEN#) input of 
the 82284 clock chip so that the system bus will 
appear as “NOT READY” to the 80286 processor. 

Once the 82289 Bus Arbiter ha acquired the bus, it 
will assert AEN# allowing the 82288 Bus Controller 
and the address latches to access the system bus 
and asserting the ARDYEN# input of the 82284 
Clock chip. 

Typically, once the data transfer command has been 
issued by the 82288 and the data transfer has taken 
place, a transfer acknowledge (XACK#) signal is 
returned to the processor on the multi-master 
system bus to indicate “Ready” from the accessed 
slave device. The processor remains in a series of 
“Wait States” (Repeated Tc states) unitl the ad- 
dressed device responds with XACK# asserted 
signal to the 82284 ARDY# input and the 82284 
asserts READY# to the processor. The processor 
then completes its bus cycle. 

82289 with other Bus Masters 

When supporting other bus masters, the SO#/HOLD 
and READY# pins of the bus arbiter can be connected 
to the ‘Hold’ pin of that master. The inverted AEN# 
signal from the 82289 can be used as the hold 
acknowledge (HLDA) input for the other bus master. 

The bus master sends a HOLD signal to the bus 
arbiter when it needs the system bus for a memory 
access. If the arbiter currently controls the system 
bus, AEN# will be active. Otherwise, AEN# will be 
inactive and the arbiter will request control of the 
system bus. The bus master will have to wait until 
the 82289 has asserted AEN# (LOW), before it starts 
its bus cycle. 

When the bus master no longer requires the Multibus 
it will have to inactivate the HOLD signal. The arbiter 
interprets the Multibus access as a single bus cycle 
which is terminated by HOLD going inactive (LOW). 
Thus the arbiter will not release the Multibus to any 
other bus master during a bus access cycle. 

Processor Cycle Definition 

Any iAPX 286 system which gains access to the 
Multibus through the 82289 Bus Arbiter uses an 
internal clock which is one half the frequency of the 
system clock (CLK) (see figure 3). Knowledge of the 
phase of the local bus master internal clock is 
required for proper 82289 control of the iAPX 286 
interface to Multibus. The local bus master informs 
the bus arbiter of its internal clock phase when it 
asserts the status signals. The 80286 SO# and SI# 
status signals are always first asserted in phase 1 of 
the local bus master’s internal clock. 



Bus State Definition 

The 82289 Bus Arbiter has three processor bus 
states (see figure 4): Idle (T,), Status (T s ), Command 
(T c ). Each bus state is two CLK cycles long. Bus 
state phases correspond to the internal CPU pro- 
cessor clock phases. 


NEW CYCLE 



NEW CYCLE 


Figure 4: 82289 Processor Bus States 
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Bus Cycle Definition 

The SI# and SO# status inputs are sampled by the 
82289 on the falling edge of CLK and signal the start 
of a bus cycle by going active (LOW). The T s bus 
state is defined to be the two CLK cycles during 
which either SI# or SO# is active (see figure 5). 
When either SI# or SO# is sampled LOW, the next 
CLK cycle is considered the second phase of the 
associated processor clock cycle. 

The arbiter enters the T c bus state after the T s state. 
The shortest bus cycle may have one T s state and 
one T c state. Longer bus cycles are formed by 
repeating T c states. A repeated T c bus state is 
called a wait state. 


The READY# input determines whether the current 
T c bus state is to be repeated. The READY# input 
has the same timing and effect for all bus cycles. 
READY# is sampled at the end of each T c bus state 
to see if it is active. If sampled HIGH, the T c bus 
state is repeated. This is called inserting a wait state. 

When READY# is sampled LOW, the current bus 
cycle is terminated. Note that the bus arbiter may 
enter the T s bus state directly from T c if the status 
lines are sampled active (LOW) at the next falling 
edge of CLK (see Figure 5). If neither of the status 
lines are sampled active at that time the 82289 will 
enter the T, bus state. The T, bus state will be 
repeated until the status inputs are sampled active. 



Figure 5: 80286 Bus Cycle Definition (without wait states) 


Arbitration Between Bus Masters 

The Multibus protocol allows multiple processing 
elements to compete with each other to access 
common system resources. Since the local 80286 
processor does not have exclusive use of the system 
bus, if the Multibus is “BUSY” the 80286 processor 
will have to wait before it can access the system bus. 

The 82289 Bus Arbiter provides an integrated 
solution for controlling access to a multi-master 
system bus. The bus arbiter allows both higher and 
lower priority bus masters to acquire the system bus 
depending on which release mode is used. In 
general, higher priority masters obtain the bus 
immediately after any lower priority master com- 
pletes its present transfer cycle. Lower priority bus 
masters obtain the bus when a higher priority 
master is not accessing the system bus or the 
proper surrender conditions exist. The 82289 handles 


this arbitration in a manner completely transparent 
to the bus master (e.g. 80286 processor). 

At the end of each transfer, the arbiter may retain or 
release the system bus. This decision is controlled 
by the processor state, bus arbitration inputs and 
arbiter strapping options. (See Releasing The 
Multibus, ahead). 

Priority Resolving Techniques 

Some means of resolving priority between bus 
masters requesting the multi-master bus simulta- 
neously must be provided. The 82289 Bus Arbiter 
supports parallel, serial, and rotating system bus 
priority resolving techniques. All of these techniques 
are based on the concept that at a given time, one 
bus master will have priority above all the others. 
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Figure 6: Bus Exchange Timing For The Multibus 


An individual arbiter is the highest priority arbiter 
requesting the Multibus when its BPRN# input is 
asserted (LOW). The highest priority requesting 
arbiter cannot immediately seize the system bus. It 
must wait until the present bus transaction is 
completed. Upon completing its current transaction 
the present bus owner surrenders the bus by releas- 
ing BUSY#. 

BUSY# is an active-low ‘Wired-OR’ Multibus signal 
which goes to every bus arbiter on the system bus. 
When BUSY# goes inactive, the arbiter which has 
requested the system bus, and presently has bus 
priority (BPRN# LOW), seizes the bus by pulling 
BUSY# LOW (See waveform in Figure 6). 

The generation of a multi-master bus request 
(BREQ#) is controlled by the type of bus cycle and 
the SYSB/RESB# input. Whenever the processor 
signals the status for memory read, memory write, 
I/O read, I/O write or interrupt acknowledge cycle, 
and SYSB/RESB# is HIGH at the end of T s , a bus 
request is generated. 

When the status inputs indicate'an interrupt acknow- 
ledge bus cycle, the arbiter allows external logic to 
decide (through the SYSB/RESB# input) whether 
the interrupt acknowledge cycle should use the 
Multibus. 

Figure 7 shows how SYSB/RESB# is repeatedly 
sampled until it is sampled HIGH or the bus cycle is 
terminated. If the bus cycle is completed (READY# 
is sampled LOW) before SYSB/RESB# is sampled 
HIGH, the arbiter will not request the Multibus. 


The 82289 bus Arbiter does not generate a separate 
BREQ# for each bus cycle. Instead the 82289 
generates BREQ# when it requests the bus and 
holds BREQ# active during the time that it has 
possession of the bus. Note that all multi-master 
system bus requests (via BREQ#) are synchronized 
to the system bus clock (BCLK#). 

Parallel Priority Resolving Technique 

The parallel priority resolving technique requires a. 
separate bus request line (BREQ#) for each arbiter 
on the multi-master system bus (see Figure 8). Each 
BREQ# line enters a priority encoder which gener- 
ates the binary address of the highest priority 
BREQ# line currently active. The binary address is 
decoded to select the BPRN# line corresponding to 
the highest priority arbiter requesting the bus. In a 
parallel scheme, the BPRO# output is not used. 

The arbiter receiving priority (BPRN# LOW) then 
allows its associated bus master onto the multi- 
master system bus as soon as the bus becomes 
available (i.e., the bus is no longer busy). Any 
number of bus masters may be acomodated in this 
way, limited only by the complexity of the external 
priority resolving circuitry. Such circuitry must 
resolve the priority within one BCLK# period. 

Serial Priority Resolving Technique 

The serial priority resolving technique eliminates 
the need for the priority circuitry of the parallel 
technique by daisy-chaining the bus arbiters to- 
gether, that is, connecting the higher priority 
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arbiter’s BPRO# output to the BPRN# of the next 
lower priority arbiter (see Figure 9). The highest 
priority bus arbiter would have its BPRN# tied LOW 
in this configuration, signifying to the arbiter that it 
always has the highest priority when requesting the 
system bus. In a serial scheme, the BREQ# output is 
not used. 

Since arbitration must be resolved within one 
BCLK# period the number of arbiters connected 


together in the serial priority is limited by arbiter 
BPRN# to BPRO# propagation delay (18 ns). For a 
10 MHz Multibus BCLK#, five 82289 Bus Arbiters 
may be connected together in serial configuration. 

Maximum number of chained-priority devices = 

BCLK# period 
BPRN# to BPRO# delay 



+ Vcc 



CBRQ ; • BUSY 


Figure 8: Parallel Priority Resolving Technique 
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Figure 9: Connections for Serial Priority Resolving Technique 



Note: Events A through F described above. 


Figure 10: Serial Priority Bus Behavior 

bring its BPRO# inactive if its BPRN# goes inactive 
When using the serial priority resolving scheme, a (from arbiter 2), thereby passing the loss of bus 

higher priority arbiter (for example, arbiter 2 , Figure priority on to tjie lower priority arbiters (e.g. arbiter 

9) passes priority to the next lower priority arbiter 4 ) as shown in Figure 10-d. 

(arbiter 3) by asserting its BPRO# signal (LOW), 

This asserts bprn# of next arbiter (arbiter 3) as Rotating Priority Resolving Technique 
shown in Figure 10-a & 10-b. An arbiter’s BPRO# is 

asserted if the arbiter has priority (BPRN# is The rotating priority resolving technique is similar 

asserted) but is not accessing or requesting the to the parallel priority resolving technique except 

system bus (as indicated by BREQ# inactive as that priority is dynamically re-assigned. The priority 

shown in Figure 10-c and 10-e for arbiter 3). encoder is replaced by a more complex circuit 

Whenever a higher priority arbiter (arbiter 3) issues which rotates priority between requesting arbiters, 

a bus request its BPRO# goes inactive causing the thus allowing each arbiter an equal chance to use 

next lower priority arbiter (arbiter 4) to lose its bus the multi-master system bus over a given period of 
priority (Figure 10-f). Any arbiter (arbiter 3) will also time. 
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Selecting the Appropriate Priority 
Resolving Technique 

The choice of a priority resolving technique involves 
a tradeoff between external logic complexity and 
ease of Multibus access for the different bus mas- 
ters in the system. The rotating priority resolving 
technique requires a substantial amount of external 
logic, but guarantees all the bus masters an equal 
opportunity to access the system bus. The serial 
priority resolving technique uses no external logic 
but has fixed bus master priority levels and can 
accommodate only a limited number of bus arbiters. 
The parallel priority resolving technique is in general 
a compromise between the other two techniques. 
(For example parallel priority configuration in Fig. 8 
allows up to eight arbiters to be present on the 
Multibus, with fixed priority levels, while not requir- 
ing a large amount of complex external logic to 
implement.) 

Releasing the Multibus 

Following a data transfer cycle on the Multibus, the 
82289 Bus Arbiter can either retain control of the 
system bus or release the bus for use by some other 
bus master. The 82289 can operate in one of three 
modes, defining different conditions under which 
the arbiter relinquishes control of the multi-master 
system bus. These release modes are described in 
Table 2. 


Release 

Mode 

Conditions under which the Bus 
Arbiter releases the system bus 
(unless cycles are LOCKed) 

Mode 1 

The Bus Arbiter always releases the 
bus at the end of each transfer cycle 

Mode 2 

The Bus Arbiter retains the bus until: 

• a higher-priority bus master re- 
quests the bus, driving BPRN# 
HIGH 

• a lower-priority bus master requests 
the bus by pulling CBRQ# LOW 

Mode 3 

The Bus Arbiter retains the bus until: 

• a higher-priority bus master re- 
quests the bus, driving BPRN# 
HIGH. (CBRQ# LOW ignored) 


Table 2: 82289 Release Modes 


If the arbiter was programmed to operate in the 
Always Release mode (Mode 1) during the previous 
reset, it will surrender the Multibus after each 
complete transfer cycle. If the arbiter is not in the 
Always Release mode, it will not surrender the bus 
until the local 80286 processor enters a halt state, 


the arbiter is forced off of the bus by the loss of 
BPRN# (Mode 2 or 3), or by a common bus request 
when the CBRQ# input is enabled by the CBQLCK# 
input (Mode 2). 

CBRQ# can save the bus exchange overhead in 
many cases. If CBRQ# is high, it indicates to the bus 
master that no other master is requesting the bus 
and therefore the present bus master can retain the 
bus. Without CBRQ#, only BPRN# indicates whether 
or not another master is requesting the bus and, that 
only if the other master is of higher priority. Between 
the master’s bus transfer cycles, in order to allow 
lower priority masters to take the bus if they need it, 
the master must give up the bus. At the start of the 
master’s next transfer cycle, the bus must be 
regained. If no other master has the bus, this can 
take approximately two BCLK# periods. To avoid 
this overhead of unnecessarily giving up and regain- 
ing the bus when no other masters need it, CBRQ# 
is extremely useful. Any master that wants but does 
not have the bus, must assert CBRQ# (LOW). If 
CBRQ# line is not asserted the bus does not have to 
be released, thereby eliminating the delay of 
regaining the bus at the start of the next cycle. 

The LOCK# input to the arbiter can be used to over- 
ride any of the conditions shown in Table 2. While 
LOCK# is asserted, the arbiter will not surrender 
control of the Multibus to any other requesting arbi- 
ter. Note that the arbiter will surrender the Multibus 
(synchronous to BCLK#) either in response to 
RESET or INIT# signals independent of the current 
release mode or the state of the arbiter inputs. 

The three bus release modes have the same opera- 
tion when supporting either the 80286 processor or 
some other bus master. 

Selecting the Appropriate Release Mode 

The choice of which release mode to use may affect 
the bus utilization of the individual subsystems, and 
the system as a whole. Mode dependent perfor- 
mance variations are due to the bus acquisition/ 
release overhead. The effect of these acquire and 
release times on system bus efficiency is illustrated 
in Figure 11. 

An isolated transfer on the multi-master system bus 
is depicted in Figure 11-a. Figure 11-b shows utiliza- 
tion for the bus arbiter operating in Mode 1. The 
arbiter must request and release the system bus for 
each transfer cycle. Lower priority arbiters have 
easy access to the system bus, but overall bus effi- 
ciency is low. Bus utilization fora bus arbiter operat- 
ing in Mode 2 or 3 is shown in Figure 11-c. In this 
situation the arbiter acquires the bus once for a 
sequence of transfers. The arbiter retains the bus 
until forced off by another bus master’s request as 
defined in Table 2 
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Figure 11: Effects of Bus Contention on Bus Efficiency 


The three release modes of the 82289 allow the 
designer to optimize the system use of the Multibus. 

Configuring the 82289 Release Mode 

The 82289 Bus Arbiter can be configured in any of 
its three bus release modes without additional 


hardware, the 82289 can also be configured to 
switch between Mode 2 and Mode 3 under software 
control of the 80286 processor, requiring that a 
parallel port or addressable latch be used to drive 
the A LWAYS#/C B Q L C K# input pin of the 82289 (see 
Figure 12). 


RESET 





SELECTABLE BETWEEN MODES 2 AND 3 


* WHEN HIGH THE 82289 IS IN MODE 2; 
WHEN LOW THE 82289 IS IN MODE 3. 


Figure 12: 82289 Release Mode Configurations 
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Asserting the LOCK# Signal 

Independent of the particular release mode of the 
82289 Bus Arbiter, the 80286 processor can assert a 
LOCK# signal synchronously to CLK to prevent the 
arbiter from releasing the Multibus. This software- 
controlled LOCK# signal prevents the 82289 from 
surrendering the system bus to any other bus mas- 
ter, whether that bus master is of higher or lower 
priority. The LOCK# signal is typically used for 
implementing software semaphores for shared re- 
sources or for critical processes that must run in 
real-time. 

The 82289 LLOCK# output is the Multibus signal 
asserted during all bus cycles which are locked 
together. The LLOCK# is set or reset depending on 
processor LOCK# at the end of the T s cycle. The 
LLOCK# will delay going inactive until the termina- 
tion of the current transfer cycle. 

The 82289 will continue to assert the LLOCK# sig- 
nal, retaining control of the Multibus, until the end of 
the first ’unLOCKed’ 80286 bus cycle (80286 dis- 
ables its LOCK# output on the last bus cycle indicat- 
ing that no future locked cycles are needed). While 
the LOCK# signal will force the arbiter presently in 
control to hold the system bus, it cannot force 
another arbiter to surrender the bus any earlier than 
it normally would. 

The LLOCK# signal from the 82289 must be con- 


nected to a tri-state buffer in order to drive the Multi- 
bus LOCK# signal. This tri-state buffer should be 
enabled by the AEN# signal from the arbiter going 
active. 

82289 Reset and Initialization 

The 82289 Bus Arbiter provides the RESET and 
I N IT# pins for initialization. RESET is a CLK syn- 
chronous signal from the 80286 processor and 
I NIT# Is an asynchronous signal on the multi- 
master system bus. By having RESET pin high or 
I N IT# pin low, the BREQ#, BUSY#, and AEN# output 
pins will all be cleared and become inactive. RESET 
will also clear the LLOCK# signal. Unlike RESET, 

I N IT# will not clear any pending bus request; the 
bus request would be asserted afterthe I NIT# signal 
goes inactive. 

A I 

Note that when the 82289 is initialized by the RESET 
input it does not wait until the end of the current bus 
cycle to reset. Any bus cycle in process when 
RESET goes active will be aborted by the arbiter. 
Although the I NIT# signal will also interrupt an 
active bus cycle, the arbiter can request the Multi- 
bus and complete the bus cycle when INIT# goes 
inactive. 

As mentioned in the Table 1 Pin Description and 
Figure 12, the functions of the SO#/HOLD pin and 
the release mode ( A LWAYS#/C B Q L C K# pin) are 
programmed at the falling edge of RESET. 
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Vbc 


ADDRESS 

DECODE 


SYSB/RESB _ 


ALWAYS/ 

CBQLCK 

SO/HOLD 


BCLK 

INIT 

BREQ 


CLK 

aeR 

RESET 


LOCK 

M/IO 

LLOCK 


BUS ARBITER 


MULTIBUS 

BUS 

ARBITRATION 



Schematic 1: Typical iAPX 286 Subsystem MULTIBUS Interface 
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ABSOLUTE MAXIMUM RATINGS* 


Ambient Temperature *Notice: Stresses above those listed under “Absolute 

Under Bias 0°C to 70°C Maximum Ratings ” may cause permanent damage 

Storage Temperature -65°C to +150°C to the device. This is a stress rating only and 

Voltage on Any Pin With functional operation of the device at these or any 

Respect to GND -0.5 V to +7V other conditions above those indicated in theopera- 

Power Dissipation 1 Watt tional sections of this specification is not implied. 

Exposure to absolute maximum rating conditions 
for extended periods may affect device reliability. 


Electrical Characteristics and Waveforms 


D.C. Characteristics (t a = o° to 70°c, v cc = 5V ± 5%) 




Preliminary 



Symbol 

Parameter 

Min. 

Max. 

Units 

Test Conditions 

V,L 

Input Low Voltage 

-0.5 

.8 

V 


V IH 

Input High Voltage 

2.0 

Vcc + 0.5 

V 


O 

_i 

> 

CLK Input Low Voltage 

-0.5 

.6 

V 


V IHC 

CLK Input High Voltage 

3.8 

V cc + 1-0 

V 



Output Low Voltage: 






BUSY#, CBRQ# 


.45 

V 

l 0L = 32mA 

V OL 

BPRO#, BREQ#, AEN# 


.45 

V 

l 0L = 16mA 


LLOCK# 


.45 

V 

I 0 l = 5mA 

V OH 

Output High Voltage 

2.4 


V 

l 0H = 400 jfA 

lu 

Input Leakage Current 


±10 

±1 

> > 

0.45V <V 1N < V cc 
0V < V, N < 0.45V 

•lo 

Output Leakage Current 


±10 

A a 

0.45V <V 0UT <V CC 

•cc 

Power Supply Current 


120 

mA 


C CLK 

CLK, BCLK# Input Capacitance 


12 

pF 

F c = 1 MHz 

C|N 

Input Capacitance 


10 

PF 

F c = 1 MHz 

c o 

Input/Output Capacitance 


20 

PF 

F c = 1 MHz 


/ - 
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A.C. Characteristics (t a = o° c to 70 °c, v cc = 5V ± 5%) 

AC timings are referenced to 0 8V and 2.0 V points of signals as illustrated in datasheet waveforms, unless 
otherwise noted. 


Sym 

Parameter 

Preliminary 

6MHz 

Preliminary 

8MHz 

Unit 

Test 

Conditions 

Shown 

in 

Figure 

Min. 

Max. 

Min. 

Max. 

1 

CLK Cycle Period 

83 

t5+ 

50 

62 

t5+ 

50 

ns 


13 

2 

CLK Low Time 

20 

225 

15 

230 

ns 

at 1.0 V 

13 

3 

CLK High Time 

25 

230 

20 

235 

ns 

at 36 V 

13 

4 

CLK Rise/Fall Time 


10 


10 

hs 

1 0 to 3 6 V 

13 

5 

BCLK# Cycle Time 

100 

oc 

100 

oo 

ns 


13 

6 

BCLK# High/Low Time 

30 


30 


ns 


13 

7 

S0#/HOLD, SI#, M/IO# Setup 

28 


22 


ns 


13 

8 

S0#/HOLD, SI#, M/IO# Hold 

1 


1 


ns 


13 

9 

READY# Setup 

50 


38 


ns 


13 

10 

READY# Hold Time 

35 


25 


ns 


13 

11 

LOCK#, SYSB/RESB# Setup Time 

28 


20 


ns 


13, 18 

12 

LOCK#, SYSB/RESB# Hold Time 

1 


1 


ns 


13, 18 

_ !i_J 

RESET Setup Time 

28 


20 


ns 


19 

14 

RESET Hold Time 

1 


1 


ns 


19 

15 

RESET ACTIVE Pulse Width 

16 


16 


CLKs 

* 

19 

16 

1 N IT# Setup Time 

45 


45 


ns 

Note 9 

20 

17 

INIT# Hold Time 

1 


1 


ns 

Note 9 

20 

18 

IN IT# Active Pulse Width 

3(t1) 

+3(t14) 


3(t1) 

+3(t14) 


ns 


20 

19 

BUSY#, BPRN#, CBRQ#, 

C B Q L C K#/A LWAYS# Setup 
to BCLK# (or to RESET) 

20 


20 


ns 


13, 15, 21 

20 

BUSY#, BPRN#, CBRQ#, 
CBQLCK#/A LWAYS# Hold * 
to BCLK# (or to RESET) 

1 ‘ 


1 


ns 


13, 15, 21 

21 

BCLK# to BREQ# Delay 


30 


30 

ns 

Note 1 

13, 14 

22 

BCLK# to BPRO# Delay 


35 


35 

ns 

Note 2 

17 

23 

BPRN# to BPRO# Delay 


25 


25 

ns 

Note 2 

17 

24 

BCLK# to BUSY# Active Delay 

1 

60 

1 

60 

ns 

Note 3 

13 

25 

BCLK# to BUSY# Float Delay 


35 


35 

ns 

Note 4 

13, 14 

26 

BCLK# to CBRQ# Active Delay 


55 


55 

•ns 

Note 5 

13 

27 

BCLK# to CBRQ# Float Delay 


35 


35 

ns 

Note 4 

13, 20 

28 

BCLK to AEN# Active Delay 

1 

25 

1 

25 

ns 

Note 6 

13 

29 

CLK to AEN# Inactive Delay 

3 

25 

3 

25 

ns 

Note 6 

13, 14 

30 

CLK to LLOCK# Delay 


20 


20 

ns 

Note 7 

18 

31 

RESET to LLOCK# Delay 


35 


35 

ns 

Note 7 

19 

32 

CLK to BCLK# Setup Time 

38 


38 


ns 

Note 8 

13, 16, 20 


NOTES: 

NOTE 1. BREQ# load C L = 60pF 
NOTE 2 BPRO# load C L = 60pF 
NOTE 3 BUSY# load C L - 300pF 

NOTE 4 Float condition occurs when output current is less that l LO in magnitude 
NOTE 5 CBRQ# load C L = 300pF 
NOTE 6 AEN# load C L = 150pF 
NOTE 7 LLOCK# load C L = 60pF 

NOTE 8 In actual use, CLK and BCLK# are usually asynchronous to each other However, for component testing 
purposes, this specification is required to assure signal recognition at specific CLK and BCLK# edges 
NOTE 9 I NIT# is asynchronous to CLK and to BCLK# However for component testing purposes, this specification is 
required to assure signal recognition at specific CLK and BCLK# edges 
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NOTE 11: AC Setup, Hold and Delay Time Measurement — General 


DEVICE 


OUTPUT 



Cl 

[ 



NOTE 12: AC Test Loading on Outputs 
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Waveforms clock period in which an input synchronous to one 

clock will cause a response synchronous to the 
The waveforms (Figure 13-21) show the timing other clock depends on the relative phase and 

relationships of the inputs and the outputs and do frequency of CLK and BCLK# at the time the input is 

not show all possible transitions of all signals in all sensed, 

modes. Instead, all signal timing relationships are 

shown via the general cases. Special cases are One strict relation between CLK and BCLK# must 
shown when needed. be maintained for proper Multibus arbitration. If the 

CLK period is too long relative to BCLK# period (tl 
To find the timing specification fora signal transition greater than t5 + 50ns), another arbiter could gain 

in a particular mode, first look for a special case in control of the system bus before this arbiter has 

the waveforms. If no special case applies, then use a released AEN# synchronous to its CLK. This situa- 

timing specification for the same or related function tion arises since the release of AEN# is synchronous 

in another mode. to the next falling CLK edge after the processor 

cycle ends but the release of BREQ# and BUSY# is 
The 82289 Bus Arbiter serves as an interface synchronous to the next falling BCLK# edge after 

between the iAPX 286 subsystem which operates the processor cycle ends. In practice, any CLK 

synchronous to the CLK signal and Multibus which frequency greaterthan6.66MHz(ie. 80286 processor 

operates synchronous to BCLK# signal. CLK and speeds greater than 3.33MHz) will avoid conflict 

BCLK# generally operate asynchronously to each with a 10MHz BCLK#. Therefore all 80286 speed 

other and at different frequencies. Thus, the exact selections are Multibus compatible. 



Figure 13: Multibus Acquisition and Always- Release Operation 
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Figure 14: Multibus Release due to BPRN# Inactive 
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Figure 17: BPRN# to BPRO# Timing Relationship 
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Figure 18: 80286 LOCK# and 82289 LLOCK# Relationship 



Figure 19: RESET Active Pulse 
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Figure 21: Programming the Always-Release/Common-Bus-Request-Release Option 
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NORTH CAROLINA 

Intel Corp 
2700 Wycliff Road 
Suite 102 
Raleigh 27607 
Tel (919) 781-8022 

OHIO 

Intel Corp * 

6500 Poe Avenue 
Dayton 45414 
Tel (513) 890-5350 
TWX 810-450-2528 


Intel Corp * 

Chagrm-Brainard Bldg , No 300 
28001 Chagrin Boulevard 
Cleveland 44122 
Tel (216) 464-2736 
TWX 810-427-9298 


OKLAHOMA 

Intel Corp 

4157 S Harvard Avenue 
Suite 123 
Tulsa 74135 
Tel (918) 749-8688 

OREGON 

Intel Corp 

10700 SW Beaverton 
Hillsdale Highway 
Suite 22 
Beaverton 97005 
Tel (503) 641-8086 
TWX 910-467-8741 


PENNSYLVANIA 


Q E D Electronics 
139 Terwood Road 
Willow Grove 19090 
Tel (215) 657-5600 


TEXAS 


Intel Corp* 

12300 Ford Road 
Suite 380 
Dallas 75234 
Tel (214) 241-8087 
TWX 910-860-5617 


Intel Corp * 

7322 SW Freeway 
Suite 1490 
Houston 77074 
Tel (713) 988-8086 
TiyX 910-881-2490 

Industrial Digital Systems Corp 

5925 Sovereign 

Suite 101 

Houston 77036 

Tel (713)988-9421 

Intel Corp 

313 E Anderson Lane 
Suite 314 
Austin 78752 
Tel (512) 454-3628 


UTAH 


Intel Corp 
5201 Green Street 


Suite 290 

Salt Lake City 84123 
Tel (801) 263-8051 


Intel Corp 

1603 Santa Rosa Road 
Suite 109 
Richmond 23288 
Tel (804) 282-5668 

WASHINGTON 

Intel Corp 

110 110th Avenue NE 
Suite 510 
Bellevue 98004 
Tel (206) 453-8086 
TWX 910-443-3002 

Intel Corp 

408 N Mullan Road 
Suite 102 
Spokane 99206 
Tel (509) 928-8086 

WISCONSIN 

Intel Corp 

450 N Sunnyslope Road 
Suite 130 
Chancellory Park I 
Brookfield 53005 
Tel (414) 784-8087 


CANADA 


ONTARIO 


Intel Semiconductor of 
Suite 202. Bell Mews 
39 Highway 7 
Nepean K2H 8R2 
Tel (613) 829-9714 
TELEX 053-4115 


Canada, Ltd 


Intel Semiconductor of Canada, Ltd 

190 Attwell Drive 

Suite 500 

Rexdale M9W 6H8 

Tel (416) 675-2105 

TELEX 06983574 


MISSOURI 

Intel Corp 

4203 Earth City Expressway 
Suite 131 
Earth City 63045 
Tel (314) 291-1990 


Intel Corp * 

455 Pennsylvania Avenue 
Fort Washington 19034 
Tel (215) 641-1000 
TWX 510-661-2077 

Intel Corp * 

400 Penn Center Boulevard 
Suite 610 
Pittsburgh 15235 
Tel (412) 823-4970 


QUEBEC 


Intel Semiconductor of 
3860 Cote Vertu Rd 
Suite 210 

St Laurent H4R 1V4 
Tel (514) 334-0560 
TELEX 05-824172 


Canada, Ltd 


’Field Application Location 



DOMESTIC DISTRIBUTORS 


intef 


CALIFORNIA (Cont’d) 


FLORIDA (Cont’d) 


MASSACHUSETTS 


tArrow Electronics, Inc 
3611 Memorial Parkway So 
Huntsville 35801 
Tel (205) 882-2730 

fHamilton/Avnet Electronics 
4940 Research Drive 
Huntsville 35805 
Tel (205) 837-7210 
TWX 810-726-2162 

fPioneer Electronics 
1207 Putnam Drive NW 
Huntsville 35805 
Tel (205) 837-9300 
TWX 810-726-2197 

ARIZONA 

tHamilton/Avnet Electronics 
505 S Madison Drive 
Tempe 85281 
Tel (602) 231-5140 
TWX 910-950-0077 

tWyle Distribution Group 
8155 N 24th Avenue 
Phoenix 85021 
Tel (602) 249-2232 
TWX 910-951-4282 

CALIFORNIA 

tArrow Electronics, Inc 
521 Weddell Drive 
Sunnyvale 94086 
Tel (408) 745-6600 
TWX 910-339-9371 

tArrow Electronics, Inc 
19748 Dearborn Street 
Chatsworth 91311 
Tel (213) 701-7500 
TWX 910-493-2086 

Arrow Electronics, Inc ' 
2961 Dow Avenue 
Tustin 92680 
Tel. (714) 838-5422 
TWX 910-595-2860 

tAvnet Electronics 
350 McCormick Avenue 
Costa Mesa 92626 
Tel (714) 754-6051 
TWX 910-595-1928 

tHamilton/Avnet Electronics 
1175 Bordeaux Drive 
Sunnyvale 94086 
Tel (408) 743-3300 
TWX 910-339-9332 

tHamilton/Avnet Electronics 
4545 Viewridge Avenue 
San Diego 92123 
Tel (619) 571-7500 
TWX 910-595-2638 

tHamilton/Avnet Electronics 
20501 Plummer Street 
Chatsworth 91311 
Tel (213) 700-6271 
TWX 910-494-2207 

tHamilton/Avnet Electronics 
4103 Northgate Boulevard 
Sacramento 95834 
Tel (916) 920-3150 

Hamilton/Avnet Electronics 
3002 G Street 
Ontario 91311 
Tel (714) 989-9411 

Hamilton/Avnet Electronics 
19515 So Vermont Avenue 
Torrance 90502 
Tel (213) 615-3913 
TWX 910-349-6263 


Kierulff Electronics, Inc 
14101 Franklin Avenue 
Tustin 92680 
Tel (714) 731-5711 
TWX 910-595-2599 

Kierulff Electronics, Inc 
5650 Jillson Avenue 
Commerce 90040 
Tel (213) 725-0325 
TWX 910-580-3106 

tWyle Distribution Group 
124 Maryland Street 
El Segundo 90245 
Tel (213) 322-8100 
TWX 910-348-7140 or 7111 

tWyle 'Distribution Group 
17872 Cowan Avenue 
Irvine 92714 
Tel (714) 843-9953 
TWX 910-595-1572 

tWyle Distribution Group 
11151 Sun Center Drive 
Rancho Cordova 95670 
Tel (916) 638-5282 

tWyle Distribution Group 
9525 Chesapeake Drive 
San Diego 92123 
Tel (619) 565-9171 
TWX 910-335-1590 


tWyle Distribution Group 
3000 Bowers Avenue 
Santa Clara 95051 
Tel (408) 727-2500 
TWX 910-338-0296 


Wyle Military 
17810 Teller Avenue 
Irvine 92750 
Tel (714) 851-9958 
TWX 310-371-9127 


Wyle Systems 
15292 Bolsa Chica 
Huntington Beach 92649 
Tel (714) 851-9953 
TWX 910-595-2642 


COLORADO 


tWyle Distribution Group 
451 E 124th Avenue 


Thornton 80241 
Tel (303) 457-9953 
TWX 910-936-0770 


tHamilton/Avnet Electronics 
8765 E Orchard Road 
Suite 708 
Englewood 80111 
Tel (303) 740-1017 
TWX 910-935-0787 


CONNECTICUT 

tArrow Electronics, Inc 
12 Beaumont Road 
Wallingford 06492 
Tel (203) 265-7741 
TWX 710-476-0162 

tHamilton/Avnet Electronics 
Commerce Industrial Park 
Commerce Drive 
Danbury 06810 
Tel (203) 797-2800 
TWX 710-456-9974 

tPioneer Northeast Electronics 

112 Main Street 

Norwalk 06851 

Tel (203) 853-1515 

TWX 710-468-3373 


FLORIDA 


tHamilton Electro Sales 
10912 W Washington Boulevard 
Culver City 20230 
Tel (213) 558-2458 
TWX 910-340-6364 

tHamilton Electro Sales 
3170 Pullman Street 
Costa Mesa 92626 
Tel (714) 641-4150 
TWX 910-595-2638 

Hamilton Electro Sales 
9650 De Soto Avenue 
Chatsworth 91311 
Tel (818) 700-6500 

Kierulff Electronics, Inc 
1180 Murphy Avenue 
San Jose 95131 
Tel (408) 947-3471 
TWX 910-379-6430 


tArrow Electronics, Inc 
1001 NW 62nd Street 
Suite 108 

Ft Lauderdale 33309 
Tel (305) 776-7790 
TWX 510-955-9456 


tArrow Electronics, Inc 
1530 Bottlebrush Drive N E 
Palm Bay 32905 
Tel (305) 725-1480 
TWX 510-959-6337 


tHamilton/Avnet Electronics 
6801 NW 15th Way 
Ft Lauderdale 33309 
Tel (305) 971-2900 
TWX 510-956-3097 


tHamilton/Avnet Electronics 
3197 Tech Drive North 
St Petersburg 33702 
Tel (813) 576-3930 
TWX 810-863-0374 


Hamilton/Avnet Electronics 
6947 University Boulevard 
Winterpark 32792 
Tel (305) 628-3888 
TWX 810-853-0322 


tArrow Electronics, Inc 
1 Arrow Drive 
Woburn 01801 
Tel (617) 933-8130 
TWX 710-393-6770 


tPioneer Electronics 
221 N Lake Boulevard 
Suite 412 

Alta Monte Springs 32701 
Tel (305) 834-9090 
TWX 810-853-0284 


tPioneer Electronics 
1500 62nd Street NW 
Suite 506 

Ft Lauderdale 33309 
Tel (305) 771-7520 
TWX 510-955-9653 


tHamilton/Avnet Electronics 
50 Tower Office Park 
Woburn 01801 
Tel (617) 935-9700 
TWX 710-393-0382 

tPioneer Northeast Electronics 
44 Hartwell Avenue 
Lexington 02173 
Tel (617) 863-1200 
TWX 710-326-6617 

MICHIGAN 


GEORGIA 

tArrow Electronics, Inc 
2979 Pacific Drive 
Norcross 30071 
Tel (404) 449-8252 
TWX 810-766-0439 

tHamilton/Avnet Electronics 
5825 D Peachtree Corners 
Norcross 30092 
Tel (404) 447-7500 
TWX 810-766-0432 

tPioneer Electronics 
5835B Peachtree Corners E 
Norcross 30092 
Norcross 30092 
Tel (404) 448-1711 
TWX 810-766-4515 

ILLINOIS 

tArrow Electronics, Inc 
2000 E Alonquin Street 
Schaumberg 60195 
Tel (312) 397-3440 
TWX 910-291-3544 

tHamilton/Avnet Electronics 
1130 Thorndale Avenue 
Bensenville 60106 
Tel (312) 860-7780 
TWX 910-227-0060 

tPioneer Electronics 
1551 Carmen Drive 
Elk Grove Village 60007 
Tel (312) 437-9680 
TWX 910-222-1834 

INDIANA 

tArrow Electronics, Inc 
2718 Rand Road 
Indianapolis 46241 
(317) 243-9353 
TWX 810-341-3119 

tHamilton/Avnet * Electronics 
485 Gradle Drive 
Carmel 46032 
Tel (317) 844-9333 
TWX 810-260-3966 

tPioneer Electronics 
6408 Castleplace Drive 
Indianapolis 46250 
Tel (317) 849-7300 
TWX 810-260-1794 


tArrow Electronics, Inc 
3810 Varsity Drive 
Ann Arbor 48104 
Tel (313) 971-8220 
TWX 810-223-6020 

tPioneer Electronics 
13485 Stamford 
Livonia 48150 
Tel (313) 525-1800 
TWX 810-242-3271 

tHamilton/Avnet Electronics 
32487 Schoolcraft Road 
Livonia 48150 
Tel (313) 522-4700 
TWX 810-242-8775 

tHamilton/Avnet Electronics 
2215 29th Street SE 
Space A5 

Grand Rapids 49508 
Tel (616) 243-8805 
TWX 810-273-6921 


MINNESOTA 

tArrow Electronics, Inc 
5230 W 73rd Street 
Edina 55435 
Tel (612) 830-1800 
TWX 910-576-3125 


tHamilton/Avnet Electronics 
10300 Bren Road East 
Minnetonka 55343 
Tel (612) 932-0600 
TWX (910) 576-2720 


tPioneer Electronics 
10203 Bren Road East 
Minnetonka 55343 
Tel (612) 935-5444 
TWX 910-576-2738 


MISSOURI 

tArrow Electronics, Inc 
2380 Schuetz 
St Louis 63141 
Tel (314) 567-6888 
TWX 910-764-0882 

tHamilton/Avnet Electronics 
13743 Shoreline Court 
Earth City 63045 
Tel (314) 344-1200 
TWX 910-762-0684 

NEW HAMPSHIRE 


KANSAS 

tHamilton/Avnet Electronics 
9219 Quivera Road 
Overland Park 66215 
Tel (913) 888-8900 
TWX 910-743-0005 


tArrow Electronics, Inc 
1 Perimeter Road 
Manchester 03103 
Tel (603) 668-6968 
TWX 710-220-1684 

NEW JERSEY 


MARYLAND 

Arrow Electronics, Inc 
8300 Gulford Road #H 
Rivers Center 
Columbia 21046 
Tel (301) 995-0003 
TWX 710-236-9005 

tHamilton/Avnet Electronics 
6822 Oak Hall Lane 
Columbia 21045 
Tel (301) 995-3500 
TWX 710-862-1861 

tMesa Technology Corporation 
16021 Industrial Drive 
Gaithersburg 20877 
Tel (301) 948-4350 
TWX_ 710-828-9702 

tPioneer Electronics 
9100 Gaither Road 
Gaithersburg 20877 
Tel (301) 948-0710 
TWX 710-828-0545 


tArrow Electronics, Inc 
6000 Lincoln East 
Marlton 08053 
Tel (215) 928-1800 
TWX 710-897-0829 

tArrow Electronics, Inc 
2 Industrial Road 
Fairfield 07006 
Tel (201) 575-5300 
TWX 710-998-2206 

tHamilton/Avnet Electronics 
1 Keystone Avenue 
Bldg 36 

Cherry Hill 08003 
Tel (609) 424-0110 
TWX 710-940-0262 

tHamilton/Avnet Electronics 
10 Industrial 
Fairfield 07006 
Tel (201) 575-3390 
TWX 710-734-4388 


tMicrocomputer System Technical Demonstrator Centers 



DOMESTIC DISTRIBUTORS 



NEW JERSEY (Cont’d) 


NORTH CAROLINA 


PENNSYLVANIA (Cont’d) 


WISCONSIN 


fPioneer Northeast Electronics 
45 Route 46 
Pmebrook 07058 
Tel (201) 575-3510 
TWX 710-734-4382 


fArrow Electronics, Inc 
5240 Greendairy Road 
Raleigh 27604 
Tel (919) 876-3132 
TWX 510-928-1856 


tPioneer Electronics 
261 Gibralter Road 
Horsham 19044 
Tel (215) 674-4000 
TWX 510-665-6778 


fArrow Electronics, Inc 
430 W Rausson Avenue 
Oakcreek 53154 
Tel (414) 764-6600 
TWX 910-262-1193 


tMTI Systems Sales 
383 Route 46 W 
Fairfield 07006 
Tel (201) 227-5552 

NEW MEXICO 

fAlliance Electronics Inc 
11030 Cochiti SE 
Albuquerque 87123 
Tel (505) 292-3360 
TWX 910-989-1151 

tHamilton/Avnet Electronics 
2524 Baylor Drive S E 
Albuquerque 87106 
Tel (505) 765-1500 
TWX 910-989-0614 


NEW YORK 

fArrow Electronics, Inc 
25 Hub Drive 
Melville 11735 
Tel (516) 694-6800 
TWX 510-224-6126 

fArrow Electronics, Inc 
3000 South Winton Road 
Rochester 14623 
Tel (716) 275-0300 
TWX 510-253-4766 


fArrow Electronics, Inc 
7705 Maltage Drive 
Liverpool 13088 
Tel (315) 652-1000 
TWX 710-545-0230 


fArrow Electronics, Inc 
20 Oser Avenue 
Hauppauge 11788 
Tel (516) 231-1000 
TWX 510-227-6623 


fHamilton/Avnet Electronics 
333 Metro Park 
Rochester 14623 
Tel (716) 475-9130 
TWX 510-253-5470 


fHamilton/Avnet Electronics 
16 Corporate Circle 
E Syracuse 13057 
Tel (315) 437-2641 
TWX 710-541-1560 


fHamilton/Avnet Electronics 
3510 Spring Forest Drive 
Raleigh 27604 
Tel (919) 878-0819 
TWX 510-928-1836 

fPioneer Electronics 

9801 A-Southern Pine Boulevard 

Charlotte 28210 

Tel (704) 524-8188 

TWX 810-621-0366 

OHIO 

fArrow Electronics, Inc 
7620 McEwen Road 
Centerville 45459 
Tel (513) 435-5563 
TWX 810-459-1611 

fArrow Electronics, Inc 
6238 Cochran Road 
Solon 44139 
Tel (216) 248-3990 
TWX 810-427-9409 

fHamilton/Avnet Electronics * 

954 Senate Drive 

Dayton 45459 

Tel (513) 433-0610 

TWX 810-450-2531 

fHamilton/Avnet Electronics 
4588 Emery Industrial Parkway 
Warrensville Heights 44128 
Tel (216) 831-3500 
TWX 810-427-9452 

fPioneer Electronics 
4433 Interpoint Boulevard 
Dayton 45424 
Tel (513) 236-9900 
TWX 810-459-1622 

fPioneer Electronics 
4800 E 131st Street 
Cleveland 44105 
Tel (216) 587-3600 
TWX 810-422-2211 

OKLAHOMA 

fArrow Electronics, Inc 
4719 S Memorial Drive 
Tulsa 74145 
Tel (918) 665-7700 


TEXAS 

fArrow Electronics, Inc 
3220 Commander Drive 
Carrollton 75006 
Tel (214) 380-6464 
TWX 910-860-5377 

fArrow Electronics, Inc 
10899 Kinghurst 
Suite 100 
Houston 77099 
Tel (713) 530-4700 
TWX 910-880-4439 

fArrow Electronics, Inc 
2227 W Braker Lane 
Austin 78758 
Tel (512) 835-4180 
TWX 910-874-1348 

fHamilton/Avnet Electronics 
2401 Rutland 
Austin 78757 
Tel (512) 837-8911 
TWX 910-874-1319 

fHamilton/Avnet Electronics 
2111 W Walnut Hill Lane 
Irving 75062 
Tel (214) 659-4100 
TWX 910-860-5929 

fHamilton/Avnet Electronics 
8750 West Park 
Hosuton 77063 
Tel (713) 780-1771 
TWX 910-881-5523 

fPioneer Electronics 
9901 Burnet Road 
Austin 78758 
Tel (512) 835-4000 
TWX 910-874-1323 

fPioneer Electronics 
13710 Omega Road 
Dallas 75234 
Tel (214) 386-7300 
TWX 910-850-5563 

fPioneer Electronics 
5853 Point West Drive 
Houston 77036 
Tel (713) 988-5555 
TWX 910-881-1606 


fHamilton/Avnet Electronics 
5 Hub Drive 

Melville, Long Island 11747 
Tel (516) 454-6000 
TWX 510-224-6166 

fPioneer Northeast Electronics 
1806 Vestal Parkway East 
Vestal 13850 
Tel (607) 748-8211 
TWX 510-252-0893 

fPioneer Northeast Electronics 
60 Crossway Park West 
Woodbury, Long Island 11797 
Tel (516) 921-8700 
TWX 510-221-2184 

fPioneer Northeast Electronics 
840 Fairport Park 14450 
Tel (716) 381-7070 
TWX 510-253-7001 

fMTI Systems Sales 
38 Harbor Park Drive 
P O Box 271 
Port Washington 11050 
Tel (516) 621-6200 
TWX 510-223-0846 


OREGON 

fAlmac Electronics Corporation 
8022 SW Nimbus, Bldg 7 
Beaverton 97005 
Tel (503) 641-9070 
TWX 910-467-8743 

fHamilton/Avnet Electronics 
6024 SW Jean Road 
Bldg C, Suite 10 
Lake Oswego 97034 
Tel (503) 635-7848 
TWX 910-455-8179 

PENNSYLVANIA 

fArrow Electronics, Inc 
650 Seco Road 
Monroeville 15146 
Tel (412) 856-7000 

fPioneer Electronics 
259 Kappa Drive 
Pittsburgh 15238 
Tel (412) 782-2300 
TWX 710-795-3122 


UTAH 

fHamilton/Avnet Electronics 
1585 West 2100 South 
Salt Lake City 84119 
Tel (801) 972-2800 
TWX 910-925-4018 

Wyle Distribution Group 
1959 South 4130 West, Unit B 
Salt Lake City 84104 
Tel (801) 974-9953 

WASHINGTON 

fAlmac Electronics Corporation 
14360 S E Eastgate Way 
Bellevue 98007 
Tel (206) 643-9992 
TWX 910-444-2067 

fArrow Electronics, Inc 
14320 NE 21st Street 
Bellevue 98007 
Tel (206) 643-4800 
TWX 910-444-2017 

fHamilton/Avnet Electronics 
14212 NE 21st Street 
Bellevue 98005 
Tel (206) 453-5874 
TWX 910-443-2469 


fHamilton/Avnet Electronics 
2975 Moorland Road 
New Berlin 53151 
Tel (414) 784-4510 
TWX 910-262-1182 


CANADA 

ALBERTA 

fHamilton/Avnet Electronics 
2816 21st Street NE 
Calgary T2E 6Z2 
Tel (403) 230-3586 
TWX 03-827-642 

Zentromcs 
Bay No 1 

3300 14th Avenue NE 
Calgary T2A 6J4 
Tel (403) 272-1021 

BRITISH COLUMBIA 

Zentromcs 

108-11400 Bridgeport Road 
Richmond V6X 1T2 
Tel (604) 273-5575 
TWX 04-5077-89 


Zentromcs 
590 Berry Street 
Winnipeg R3H OS1 
Tel (204) 775-8661 


ONTARIO 

Hamilton/Avnet Electronics 
6845 Rex wood Road 
Units G & H 
Mississauga L4V 1R2 
Tel (416) 677-7432 
TWX 610-492-8867 

Hamilton/Avnet Electronics 
210 Colonnade Road South 
Nepean K2E 7L5 
Tel (613) 226-1700 
TWX 05-349-71 

Zentromcs 
8 Tilbury Court 
Brampton L6T 3T4 
Tel (416) 451-9600 
TWX 06-976-78 

Zentromcs 

564/10 Weber Street North 
Waterloo N2L 5C6 
Tel (519) 884-5700 

Zentromcs 

155 Colonnade Road 
Unit 17 

Nepean K2E 7K1 
Tel (613) 225-8840 
TWX 06-976-78 


QUEBEC 

Hamilton/Avnet Electronics 
2670 Sabourin Street 
St Laurent H4S 1M2 
Tel (514) 331-6443 
TWX 610-421-3731 

Zentromcs 
505 Locke Street 
St Laurent H4T 1X7 
Tel (514) 735-5361 
TWX 05-827-535 
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EUROPEAN SALES OFFICES 



FRANCE (Cont'd) 


ISRAEL 


SPAIN 


Intel Corporation SA 
Parc Seny 

Rue du Moulin a Papier 51 
Boite 1 


B-1160 I 
Tel (02)661 07 11 
TELEX 24814 


DENMARK 

Intel Denmark A/S* 
Glenteve) 61 • 3rd Floor 
DK-2400 Copenhagen 
Tel (01) 19 80 33 
TELEX 19567 


FINLAND 

Intel Finland OY 
Hameentie 103 
SF - 00550 Helsinki 55 
Tel 0/716 955 
TELEX 123 332 


FRANCE 

Intel Corporation, S A R L * 
5 Place de la Balance 
Silic 223 

94528 Rungis Cedex 
Tel (01) 687 22 21 
TELEX 270475 


Intel Corporation, SARL 
Immeuble BBC 
4 Quai des Etroits 
69005 Lyon 
Tel (7) 842 40 89 
TELEX 305153 


WEST GERMANY 

Intel Semiconductor GmbH* 

Seidlstrasse 27 

D-8000 Munchen 2 

Tel (89) 53891 

TELEX 05-23177 INTL D 

Intel Semiconductor GmbH* 
Mainzer Strasse 75 
D-6200 Wiesbaden 1 
Tel (6121) 70 08 74 
TELEX 04186183 INTW D 


Intel Semiconductor GmbH 
Brueckstrasse 61 
7012 Fellbach 
Stuttgart 


Intel Semiconductor GmbH* 
Hohenzollern Strasse 5* 
3000 Hannover 1 
Tel (511) 34 40 81 
TELEX 923625 INTH D 


Intel Semiconductor Ltd * 


Haifa 

Tel 4/524 
TELEX 46511 


^61 


Intel Iberia 
Calle Zurbaran 
Madrid 04 
Tel (34) 1410 
TELEX 46880 


28 

40 04 


ITALY 


SWEDEN 


Intel Corporation Italia Spa* 
Milanofiori, Palazzo E 
20094 Assago (Milano) 

Tel (02) 824 00 06 
TELEX 315183 INTMIL 


Intel Sweden A B * 
Dalvagen 24 
S-17136 Solna 
Tel (08) 734 01 00 
TELEX 12261 


NETHERLANDS 


SWITZERLAND 


Intel Semiconductor Nederland BV* 
Alexanderpoort Building 
Marten Meesweg 93 


Tel (10) 21 23 77 
TELEX 22283 


Intel Semiconductor AG* 
Talackerstrasse 17 ' 

8152 Glattbrugg postfach 
CH-8065 Zurich 
Tel (01) 829 29 77 
TELEX 57989 ICH CH 


NORWAY 


UNITED KINGDOM 


Intel Norway A/S 
P O Box 92 
Hvamveien 4 
N-2013 
Skietten 

Tel (2) 742 420 
TELEX 18018 


Intel Corporation (U K ) Ltd * 

5 Hospital Street 
Nantwlch, Cheshire CW5 5RE 
Tel (0270) 626 560 
TELEX 36620 

Intel Corporation (UK) Ltd* 
Pipers Way 

Swindon, Wiltshire SN3 1RJ 
Tel (0793) 488 388 
TELEX 444447 INT SWN 
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EUROPEAN DISTRIBUTORS/REPRESENTATIVES 


AUSTRIA 


WEST GERMANY 


ITALY (Cont’d) 


SWEDEN (Cont’d) 


Bacher Elektromsche Geraete GmbH 

Rotemuehlgasse 26 

A 1120 Vienna 

Tel (222) 83 56 46 

TELEX 11532 BASAT A 


Electronic 2000 Vertriebs AG 
Stahlgruberrmg 12 
D-8000 Munich 82 
Tel (89) 42 00 10 
TELEX 522561 EIEC D 


BELGIUM 

Inelco Belgium SA 

Ave des Croix de Guerre 94 

B1120 Brussels 

Tel (02) 216 01 60 

TELEX 25441 


iTT MultiKomponent A/S 
Naverland 29 
DK-2600 Gloskrup 
Tel (02) 45 66 45 


FINLAND 

Oy Fmtromc AB 

Melkonkatu 24 A 

SF-00210 

Helsinki 21 

Tel (0) 692 60 22 

TELEX 124 224 Ftron SF 


FRANCE 

Generim 

Z I de Courtaboeuf 
Avenue de la Baltique 
91943 Les Ulis Cedex-BP8i 
Tel (1) 907 78 78 
TELEX F691700 


Jermyn SA 

16, Avenue Jean-Jaures 
94600 Choisy-Le-Roi 
Tel (1) 853 12 00 
TELEX 260967 


Metrologie 

La Tour d' Asmeres 
4, Avenue Laurent Cely 
92606-Asmeres 
Tel (1) 790 62 40 
TELEX 611-448 

Tekelec Airtromc 

Cite des Bruyeres 

Rue Carle Vernet BP 2 

92310 Sevres 

Tel (1) 534 75 35 

TELEX 204552 


Jermyn GmbH 
Postfach 1180 
Schulstrasse 84 
D-6277 Bad Camberg 
Tel (06434) 231 
TELEX 484426 JERM D 


Gutenbergstrasse 4 
2359 Henstedt-Ulzburg 
Tel (04193) 4026 
TELEX 2180260 
Metrologie GmbH 
Hansastrasse 15 
8000 Munich 21 
Tel (89) 57 30 84 
TELEX D 5213189 


Proelectron Vertriebs GmbH 
Max Planck Strasse 1-3 
6072 Dreieich bei Frankfurt 
Tel (6103) 33564 
TELEX 417983 


Micro Marketing 

Glenageary Office Park 

Glenageary 

Co Dublin 

Tel (1) 85 62 88 

TELEX 31584 


Eastromcs Ltd 
11 Rozanis Street 
PO Box 39300 
Tel Aviv 61390 
Tel (3) 47 51 51 
TELEX 33638 


ITALY 

Eledra 3S SPA 
Viale Elvezia, 18 
I 20154 Milano 
Tel (2) 34 97 51 
TELEX 332332 


Intesi 

Milanofiori Pal E/5 
20090 Assago 
Milano 

Tel (02) 82470 
TELEX 311351 

NETHERLANDS 

Koning & Hartman 
Koperwerf 30 
PO Box 43220 
2544 EN's Gravenhage 
Tel 31 (70) 210101 
TELEX 31528 

NORWAY 


Smedsvmgen < 
1364 Hvalstad 


PORTUGAL 

Ditram 

Componentes E Electromca LDA 
Av Miguel Bombarda, 133 
P1000 Lisboa 
Tel (19) 545 313 
TELEX 14182 Brieks-P 


SPAIN 

Interface SA 
Av Pompeu Fabra 12 
08024 Barcelona 
Tel (3) 219 80 11 
TELEX 51508 

ITT SESA 

Miguel Angel 21, 6 Piso 
Madrid 10 

Tel (34) 14 1954 00 
TELEX 27461 


SWEDEN 

AB Gosta Backstrom 
Box 12009 
Alstroemergatan 22 
S-10221 Stockholm 12 
Tel (8) 541 080 
TELEX 10135 

Nordisk Electromk AB 
Box 27301 
Sandhamnsgatan 71 
S-10254 Stockholm 
Tel (8) 635 040 
TELEX 10547 


Telko AB 
Gardsfogdevagen 1 
Box 186 


S-161 26 Bromma 
Tel (8) 98 08 
11941 


SWITZERLAND 

Industrade AG 
Herlistrasse 31 
CH-8304 Wallisellen 
Tel (01) 830 50 40 
TELEX 56788 INDEL CH 


UNITED KINGDOM 

Bytech Ltd 
Unit 57 
London Road 
Earley, Reading 
Berkshire 

Tel (0734) 61031 
TELEX 848215 


Com way Microsystems Ltd 
Market Street 
UK-Bracknell, Berkshire 
Tel 44 (344) 55333 
TELEX 847201 


Jernpyn Industries 
Vestry Estate 
Sevenoaks, Kent 
Tel (0732) 450144 
TELEX 95142 


MEDL 

East Lane Road 
North Wembley 
Middlesex HA9 7PP 
Tel (190) 49307 
TELEX 28817 


Rapid Recall, Ltd 
Rapid House/Denmark St 
High Wycombe 
Berks, England HP11 2ER 
Tel (0494) 26 271 
TELEX 837931 


YUGOSLAVIA 

H R Microelectronics Enterprises 
PO Box 5604 
San Jose, California 95150 
Tel 408/978-8000 
TELEX 278-559 


INTERNATIONAL SALES OFFICES 



AUSTRALIA 


JAPAN 


JAPAN (Cont’d) 


JAPAN (Cont’d) 


Intel Australia Pty Ltd • 
(Mailing Address) 

PO Box 571 

North Sydney NSW, 2065 

(Shipping Address) 
Spectrum Building 
200 Pacific Highway 
Level 6 

Crows Nest, NSW, 2089 
Tel 011-61-2-957-2744 
TELEX 790-20097 
FAX 011-61-2-923-2632 


HONG KONG 

Intel Semiconductor Ltd * 
1701-3/1720 Connaught Centre 
1 Connaught Road 
Tel 011-852-5-215311 
TWX 60410 ITLHK 


Intel Japan K K 
5-6 Tokodai, Toyosato-machi 
Tsukuba-gun, Ibaraki-ken 300-26 
Tel 029747-8511 
TELEX 03656-160 

Intel Japan K K • 

2-1-15 Naka-machi 
Atsugi, Kanagawa 243 
Tel 0462-23-3511 

Intel Japan K K * 

2-51-2 Kojima-cho 
Chofu, Tokyo 182 
Tel 0424-88-3151 

Intel Japan K K * 

2-69 Hon-cho 
Kumagaya, Saitama 360 
Tel 0485-24-6871 


Intel Japan K K • 

2-4-1 Terauchi 
Toyonaka, Osaka 560 
Tel 06-863-1091 

Intel Japan K K 
1-5-1 Marunouchi 
Chiyoda-ku, Tokyo 100 
Tel 03-201-3621 

Intel Japan K K * 

1-23-9 Shinmacm 
Setagaya-ku, Tokyo 154 
Tel 03-426-2231 

Intel Japan K K * 

Mitsui-Seimei Musashi-Kosugi E^ldg 
915 Shmmaruko, Nakahara-ku 
Kawasaki-Shi, Kanagawa 211 
Tel 044-733-7011 


Intel Japan K K 
1-1 Shibahon-cho 
Mishima-shi 
Shizuoka-Ken 411 
Tel 0559-72-4121 

SINGAPORE 

Intel Semiconductor Ltd 
101 Thomson Road 
21-06 Goldhill Square 
Singapore 1130 
Tel 011-65-2507811 
TWX RS 39921 
CABLE INTELSGP 


•Field Application Location 


INTERNATIONAL DISTRIBUTORS/REPRESENTATIVES 


ARGENTINA 


HONG KONG 


JAPAN (Cont’d) 


PAKISTAN (Cont’d) 


VLC SRL 

Sarmiento 1630, 1 Piso 
1042 Buenos Aires 
Tel 011-54-1-35-1201/9242 
TELEX 17575 EDARG 

Agent 

Soimex International Corporation 
15 Park Row, Room #1730 
New York, New York 10038 
Tel (212) 406-3052 
Attn Gaston Briones 

AUSTRALIA 

Total Electronics 
(Mailing Address) 

Private Bag 250 
Burwood, Victoria 3125 

(Shipping Address) 

9 Harker Street 

Burwood 

Victoria 3125 

Tel 011-61-3-288-4044 

TELEX AA 31261 

Total Electronics 
PO Box 139 
Artarmon, NSW 2064 
Tel 011-61-02-438-1855 
TELEX 26297 


Icotron SA 

05110 Av Mutmga 3650-6 Andar 
Pirituba Sao Paulo 
Tel 011-55-11-833-2572 
TELEX 1122274 ICOTBR 

CHILE 

DIN 

(Mailing Address) 

Av VIC, MacKenna 204 
Casilla 6055 
Santiago 

Tel 011-56-2-277-564 
TELEX 352-0003 
(Shipping Address) 

A102 Greenville Center 
3801 Kennett Pike 
Wilmington, Delaware 19807 


Novel Precision Machinery Co , Ltd 
Flat D 20 Kingsford Ind Bldg 
Phase 1 26 Kwai Hei Street NT 
Tel 011-852-5-0-223222 
TWX 39114 JINMI HX 

Schmidt & Co Ltd 
18/F Great Eagle Centre 
Wanchai 

Tel 011-852-5-833-0222 
TWX 74766 SCHMC HK 

INDIA 

Micronic Devices 
65 ARUN Complex 
D V G Road 
Basavan Gudi 
Bangalore 560004 
Tel 011-91-812-600-631 
TELEX 011-5947 MDEV 

Micronic Devices 

104/109C Nirmal Industrial Estate 
Sion (E) 

Bombay 400022 

Tel 011-91-22-48-61-70 

TELEX 011-71447 MDEV IN 

Micronic Devices 

R-694 New Rajinder Nager 

Mew Delhi 110060 

Ramlak International, Inc (Agent) 
465 S Mathilda Avenue 
Suite 302 

Sunnyvale, CA 94086 
Tel (408) 733-8767 

S & S Corporation 
(Mailing Address) 

PO Box 1185 

Mauldin, South Carolina 29657 

(Shipping Address) 

308 Green Drive 

Liberty, South Carolina 29657 


Hamilton-Avnet Electronics Japan Ltd 
YU and YOU Bldg 1-5-7 Horidome- 
Cho 

Nihonbashi Chuo-Ku, Tokyo 103 
Tel (03) 662-9911 
TELEX 2523774 

Ryoyo Electric Corporation 
Konwa Bldg 
1-12-22, Tsukiji 
Chuo-Ku, Tokyo 104 
Tel (03) 543-7711/541-7311 

Tokyo Electron Ltd 
Shinjuku Nomura Bldg 
26-2 Nishi-Shinjuku 1-Chome 
Shinjuku-Ku, Tokyo 160 
Tel (03) 343-4411 
TELEX 232-2220 LABTEL J 

KOREA 

J-TEK Corporation 

2nd Floor, Government Pension Bldg 
24-3, Yoido-Dong 
Youngdungpo-Ku 

Seoul 150 ' 

Tel 011-82-2-782-8039 
TELEX KODIGIT K25299 


Horizon Training Co , Inc (Agent) 
1 Lafayette Center 
1120 20th Street NW 
Suite 530 

Washington, DC 20036 
Tel (202) 887-1900 
TWX 248890 HORN 


General Engineers Corporation Pty 
Ltd 

Units 1003-1008 Block 3 

10th Floor PSA Multi Storey Complex 

Telok Blangahl Pasir 

Pan Jang 

Singapore 5 

Tel 011-65-271-3163 

TELEX RS23987 GENERCO 

CABLE GENERRCORP 


SOUTH AFRICA 

Electronic Building Elements, Pty Ltd 

PO Box 4609 

Pretoria' 0001 

Tel 011-27-12-46-9221 

TELEX 3-22786 SA 

TELEGRAM ELBILEM 


Koram Digital USA (Agent) 

14066 East Firestone Boulevard 
Sante Fe Springs, CA 90670 
Tel (714) 739-2204 
TWX 194715 KORAM DIGIT LSA 

NEW ZEALAND 

McLean Information Technology Ltd 
459 Kyber Pass Road, Newmarket, 
PO Box 9464, Newmarket 
Auckland 1, New Zealand 
Tel 011-64-9-501-219, 501-801, 587- 
037 

TELEX NZ21570 THERMAL 


TAIWAN 

Mitac Corporation 
3rd Floor #75, Section 4 
Nanking East Road 
Taipei 

Tel 011-886-2-771-0940, 0941 
TELEX 11942 TAIAUTO 

Mectel International, Inc (Agent) 

3385 Viso Court 

Santa Clara, CA 95050 

Tel (408) 988-4513 

TWX 910-338-2201 

FAX 408-980-9742 


PAKISTAN 


YUGOSLAVIA 


JAPAN 

Asahi Electronics Co Ltd 
KMM Bldg Room 407 
2-14-1 Asano, Kokurakita-Ku 
Kitakyushu City 802 
Tel (093) 511-6471 
TELEX AECKY 7126-16 


Computer Applications Ltd 
7D Gizri Boulevard 
Defense 
Karachi-46 

Tel 011-92-21-530-306/7 
TELEX 24434 GAFAR PK 


H R Microelectronics Enterprises 
PO Box 5604 
San Jose, California 95150 
Tel (408) 978-8000 
TELEX 278-559 
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DOMESTIC SERVICE OFFICES 


inM 


CALIFORNIA 


FLORIDA (Cont'd) 


OREGON 


Intel Corp 

1350 Shorebird Way 
M» View 94043 
Tel (415) 968-8211 
TWX 910-339-9279 
910-338-0255 

Intel Corp 

2000 6 4th Street 

Suite 110 

Santa Ana 92705 

Tel (714) 835-5577 

TWX 910-595-2475 

Intel Corp 

4350 Executive Drive 
Suite 150 
San Diego 92121 
Tel (619) 452-5880 

Intel Corp 

5530 N Corbin Avenue 
Suite 120 
Tarzana 91356 
Tel (213) 708-0333 

COLORADO 

Intel Corp 
650 South Cherry 
Suite 720 
Denver 80222 
Tel (303) 321-8086 
TWX 910-931-2289 

CONNECTICUT 

Intel Corp 
26 Mill Plain Road 
Danbury 06811 
Tel (203) 748-3130 

FLORIDA 

Intel Corp 

1500 NW 62nd Street 
Suite 104 

Ft Lauderdale 33309 
Tel- (305) 771-0600 
TWX 510-956-9407 


Intel Corp. 

500 N Maitland Avenue 
Suite 205 
Maitland 32751 
Tel (305) 628-2393 
TWX- 810-853-9219 

GEORGIA 

Intel Corp 

3280 Pomte Parkway 
Suite 200 
Norcross 30092 
Tel (404) 441-1171 

ILLINOIS 

Intel Corp 
2550 Got! Road 
Suite 815 

Rolling Meadows 60008 
Tel (312) 981-7295 
TWX 910-253-1825 

KANSAS 

Intel Corp 

8400 W 110th Street 
Suite 170 

Overland Park 66210 
Tel (913) 642-8080 

MARYLAND 

Intel Corp 

5th Floor Product Service 
7833 Walker Drive 
Greenbelt 20770 
Tel (301) 441-1020 

MASSACHUSETTS 

Intel Corp 

27 Industrial Avenue 
Chelmsford 01824 
Tel (617) 256-1800 
TWX 710-343-6333 


Intel Corp 

7071 Orchard Lake Road 
Suite 100 

West Bloomfield 48033 
Tel (313) 851-8905 

MISSOURI 

•Intel Corp. 

4203 Earth City Expressway 
Suite 143 
Earth City 63045 
Tel: (314) 291-2015 

NEW JERSEY 

Intel Corp 

385 Sylvan Avenue 
Englewood Cliffs 07632 
Tel (201) 567-0820 
TWX 710-991-8593 

Intel Com 
Raritan Plaza III 
Raritan Center 
Edison 08817 
Tel (201) 225-3000 

NORTH CAROLINA 

Intel Corp 

2306 W Meadowview Road 
Suite 206 
Greensboro 27407 
Tel (919) 294-1541 

OHIO 

Intel Corp 

Chagrin-Bramard Bldg 
Suite 305 

28001 Chagrin Boulevard 
Cleveland 44122 
Tel (216) 464-6915 
TWX 810-427-9298 

Intel Corp 
6500 Poe 
Dayton 45414 
Tel (513) 890-5350 


Intel Corp 

10700 SW Beaverton-Hillsdale 

Highway 

Suite 22 

Beaverton 97005 

Tel (503) 641-8086 

TWX 910-467-8741 

Intel Corp 

5200 N E Elam Young Parkway 
Hillsboro 97123 
Tel (503) 681-8080 

PENNSYLVANIA 

Intel Corp. 

201 Penn Center Boulevard 
Suite 301 W 
Pittsburgh 15235 
Tel (313) 354-1540 

TEXAS 

Intel Corp 

313 E Anderson Lane 
Suite 314 
Austin 78752 
Tel: (512)454-3628 
TWX 910-874-1347 

Intel Corp 
12300 Ford Road 
Suite 380 
Dallas 75234 
Tel (214) 241-8087 
TWX 910-860-5617 

WASHINGTON 

Intel Corp 

110 110th Avenue NE 
Suite 510 
Bellevue 98004 
Tel 1-800-525-5560 
TWX 910-443-3002 

WISCONSIN 

Intel Corp 

450 N Sunnyslope Road 
Suite 130 
Brookfield 53005 
Tel (414) 784-8087 


\ 



Intel 


UNITED STATES 
Intel Corporation 
3065 Bowers Avenue 
Santa Clara, CA 95051 

JAPAN 

Intel Japan K.K. 

5-6 Tokodai Toyosato-machi 
Tsukuba-gun, Ibaraki-ken 300-26 
Japan 

FRANCE 

Intel 

5 Place de la Balance 
Silic 223 

94528 Rungis Cedex 
France 

UNITED KINGDOM 
Intel 

Piper’s Way 
Swindon 

Wiltshire, England SN3 1RJ 

WEST GERMANY 
Intel 

Seidstrasse 27 
D-8000 Munchen 2 
West Germany 
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